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EXECUTIVE SUMMARY

BACKGROUND
The National Survey of Academic Research

Instruments and Instrumentation Needs
(instrumentation survey) is a congressionally
mandated program that collects data concerning
scientific research instruments and the academic
departments and facilities in which they are located.
The survey covers a broad spectrum of science and
engineering fields: agriculture, biology, computer
science, environmental sciences, chemistry,
physics/astronomy, and engineering.

The instrumentation survey is sponsored and
conducted by the National Science Foundation
(NSF), and is co-sponsored by the National Institutes
of Health (NIH).

Data for this survey were collected from a panel
of 79 institutions selected to represent the population
of all academic institutions that each annually
performs a minimum of $3 million in research and
development (R&D). For the 1993 survey this
population totaled 318 institutions, and accounted for
more than 90 percent of the total performance of
academic R&D in science and engineering in the
United States.

EXPENDITURES FOR THE

PURCHASE OF ACADEMIC

SCIENTIFIC RESEARCH

INSTRUMENTATION
Total Expenditures. Total annual

expenditures for the purchase of academic scientific
research instrumentation were $1,203 million in
1993, an increase in current dollars of 6 percent over
the amount spent in the last survey in 1988-89. In
constant dollars,' however, total expenditures in
1993 were 10 percent below the level in 1988-89.

' Based on the GDP (gross domestic product) deflator
and a base year of 1987

1

SOURCES OF FUNDS FOR THE

PURCHASE OF NEW
INSTRUMENTATION

Federal Sources.In 1993, the Federal
Government provided $624 million, or 52 percent of
the $1,203 million total expenditures for academic
research instruments. Three agencies contributed 70
percent of the total Federal contribution:

The National Science Foundation provided $213
million, or 18 percent of total expenditures during
1993. The National Institutes of Health provided
$117 million, or 10 percent of the total. The
Department of Defense contributed $106 million, or
9 percent of the total.

All other agencies combined contributed $186
million in 1993, an additional 15 percent of total
expenditures.

Non-Federal Sources.In 1993, non-Federal
sources provided $580 million, or 48 percent of the
total expenditures for academic research instruments.
The largest single source of funds was the
contribution from the academic institutions
themselves, which provided $292 million, or 24
percent of the total. Funding from State grants or
appropriations amounted to $102 million, or 8
percent of the total. Industry contributed $80
million, or 7 percent of the total. All other sources
(including private, nonprofit foundations,
gifts/donations, and bonds) contributed $105 million,
or 9 percent.

EXPENDITURES FOR

MAINTENANCE/REPAIR AND

OPERATION
Aggregate expenditures for maintenance/repair

in 1993 fell for the first time since the survey began
in 1982. These expenditures comprise service
contracts and field services, salaries of maintenance
personnel, and other costs such as tools and supplies.
These expenditures decreased from $289 million in
1988-89 to $234 million in 1993, a decline of 19
percent in current dollars. Expenditures for the
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operation of existing instrumentation fell 22 percent
between the two surveys, from $726 million in 1988-
89 to $563 million in 1993.

Overall, expenses for the upkeep of the existing
stock of instrumentation totaled 66 percent of the
cost of purchasing new equipment. In other words,
for every dollar spent in acquiring new
instrumentation, an additional $0.66 was spent on
maintaining and operating the existing stock.

ADEQUACY OF EXISTING

RESEARCH INSTRUMENTATION
In 1993, slightly more than half of all

respondents (56 percent) reported that there were
subject matters in which their faculty investigators
were unable to perform critical experiments because
needed equipment was lacking. Although a majority
of respondents still report this limiting condition, this
represents a marked decrease in the percentage of
respondents reporting a lack of equipment for critical
experiments since the first survey in 1983-84, when
74 percent of the respondents reported such
limitations.

Thus, there has been steady improvement in the
availability of research instruments to academic
researchers, but the continued lack of specific
instruments is a significant limitation for the
scientific community, where a majority of
respondents in all fields but one reported an inability
to perform critical experiments because of a lack of
instruments.

Computer science was the only field in which
less than a majority of respondents (44 percent) cited
an inability of their faculty to perform critical
experiments due to lack of suitable equipment.

NEED FOR NEW RESEARCH

INSTRUMENTATION
Overall, 69 percent of respondents reported that

their research instrumentation needs had increased in
the two-year period since 1992.

2

Top priority needs by all respondents.
Department chairs and heads of facilities were asked
to indicate the three pieces of equipment costing
$20,000 or more that were most needed to bring their
unit's' research equipment up to the full capabilities
of their faculty. They were asked to prioritize these
items and to estimate the purchase price of each.

If all three of the top priority items reported by
each respondent could be purchased, the total
estimated cost would be $2,048 million. Of this
amount, $942 million, or 46 percent of the total, was
the estimated cost of acquiring only the first-priority
item.

Overall, 47 percent of respondents in all fields
reported that the primary reason they needed the
first-priority item was to "upgrade capabilities" for
the unit, i.e., to perform experiments that they
"cannot do now."

Needs by Respondents Reporting Current
Inadequate Instrumentation.Respondents were
asked to rate their unit's instrumentation on a 5 point
scale from excellent to poor. Forty-two percent of
the respondents reported that the capability of their
research instruments to enable the existing faculty to
pursue their major research interests was
"inadequate" or "poor." This group of respondents
was then asked to estimate the cost to acquire
sufficient research equipment that would fully
support existing faculty.

This group estimated that it would cost $1,438
million to bring their research instrumentation to a
point that would fully enable existing faculty to
pursue their major research interests.

This amount was higher than the total of their
top three priority needs. The 42 percent of
respondents reporting inadequate instrumentation
estimated that the purchase of their top three priority
needs would cost $939 million. This represented 46
percent of the total of $2,048 million estimated by all
respondents, nearly the same percentage as their
proportion of total respondents.

2 For this report, "unit" is used as a generic term that
includes both departments and facilities. A department is
an institutional unit that awards academic degrees; a
facility is an institutional unit that does not award
academic degrees. Either may have faculty assigned to it.



GENERAL NOTES

SURVEY BACKGROUND AND

SCOPE OF THIS REPORT

The National Survey of Academic Research
Instruments and Instrumentation Needs
(instrumentation survey) is a congressionally
mandated program that collects data concerning
scientific research instruments and the academic
units in which they are located for a broad spectrum
of science and engineering fields. The survey is
conducted by the National Science Foundation
(NSF), and is co-sponsored by the National Institutes
of Health (NIH).

This report analyzes overall instrumentation
issues and trends in all the fields covered by the
survey: agriculture, biology, chemistry, computer
science, environmental sciences, physics/astronomy,
and engineering.

A companion report published by NIH,
Academic Research Instruments and Instrumentation
Needs in the Biological Sciences: 1994, will give a
more detailed analysis of the overall biological
sciences field, and of seven major subfields of the
biological sciences: biochemistry, cell
biology/genetics, microbiology, pathology,
pharmacology, physiology/biophysics, and other
biological sciences.3

BACKGROUND
During the late 1970s reports came before

Congress suggesting that the capability of research
instrumentation available to scientists and engineers
at leading research universities was often inadequate
to meet the needs of cutting-edge research. It was
feared that this condition might seriously weaken the
quality of the Nation's academic research
capabilities. Desiring national data on this issue,
Congress directed NSF to " . . . develop indices,
correlates, or other suitable measures or indicators of
the status of scientific instrumentation in the United

3 This report will be made available over the World
Wide Web. Check the NIH home page at
http://www.nih.gov/ for more information.

3

States and of the current and projected needs for
scientific and technological instrumentation" (Public
Law 96-44, Section 7).

To fulfill this congressional directive, NSF, in
conjunction with NIH, has conducted four cycles of
the instrumentation survey. The surveys focused
upon four main aspects of academic research
instrumentation in departments and facilities. (For
this report, a department is defined as an institutional
entity that awards academic degrees; a facility is an
institutional entity that does not award academic
degrees. Either may have faculty assigned to it. For
this report, "unit" is used as a generic term that
includes both departments and facilities.) The four
main topics are:

expenditures for the purchase of research
instruments and the sources of funds for
those purchases;
maintenance, repair, and operating costs
connected with the stock of research
instruments;
amount, status, adequacy, and capability of
the current stock of research instruments;
and
needs for upgraded or additional research
instrumentation.

With slight changes of coverage, the survey has
been collected from the same panel of institutions
since 1983. This panel of 79 institutions was
selected from, and represents, the population of all
institutions that annually each perform a minimum of
$3 million in research and development (R&D). In
1993, this population totaled 318 institutions.

DATA CONSIDERATIONS

Context
Conducting a survey to quantify the current

status and future needs for research instrumentation
in a sector as varied as the American higher
education system is a difficult task that requires the
cooperation of many respondents. Questions about
needs and assessments of the adequacy of current
instrumentation must be asked at the micro-level, i.e.,

12



at the departments and facilities where the research is
originating. A complex sampling scheme was
developed to minimize the reporting burden on
academia.

This survey concentrates on the research-
intensive institutions that annually perform more
than $3 million in research and development.
Therefore, the data on expenditures and needs by this
group as a whole, as well as data on the median
expenditures per unit, might tend to be larger than
the responses that would have been obtained at less
research-intensive institutions not canvassed by this
particular survey!'

The set of questions used in the survey were
devised to reflect the diverse needs of different
science and engineering disciplines, so that the
resulting national totals would give an accurate
overall view of the status of research instrumentation
needs5 in academia. The survey questions were
devised to obtain different nuances to the evaluation
of the adequacy of current research instrumentation
that arise from the highly individualized needs of
different disciplines: for example, chemistry,
physics/astronomy, and certain engineering and
environmental sciences typically require large-scale
instrumentation to carry out cutting-edge research.
In general, the median expenditures, and median
needs per unit, are larger in these disciplines than the
per-unit expenditures in fields such as biology and
agriculture, whose cutting-edge instrumentation is
often less costly.

This survey was designed to report on the
objective needs of the existing faculty from the
perspective of the respondents, and was not intended

4 NSF and NIH have investigated several methods to
broaden the coverage of the current survey. A pilot study
of the biology departments at historically black colleges
and universities (HBCUs) was conducted in 1995 and the
results will be published in 1996. A feasibility study for
adding less research-intensive schools, such as the
departments at schools that were recipients of NIH's
AREA grants, was conducted in late 1994. Resutts from
these studies will be used in re-formatting future
instrumentation surveys.

5 An instrument was classified as "research" if it were
used wholly or in part for research. Therefore, the need for
dual-use instrumentation is included in the analysis in this
report.

to produce data for subjective, comparative analyses,
such as whether there is a "right" amount of
instrumentation needed by units of a certain size
faculty. Similarly, the survey reports actual
expenditures data such as the amount spent to
purchase equipment, but does not report on the total
allocation of resources, such as what proportion of
total resources available to the unit was spent on
instrumentation.

4

For a more complete discussion of the
methodology of this series of surveys, and the
changes in methodology made in cycle IV, see the
technical notes in section C.

Presentation of Data
As would be expected from a survey fielded to a

large cohort of respondents, tabulation of responses
to the questionnaires yielded a great amount of data.
To preserve the richness of the data, detailed
tabulations were prepared that present the data by
type of instrument and field of science and
engineering. The report is organized to assist both
the reader interested in the general overall policy
issues, and the researcher wishing to obtain fine
detail.

In general, the text will summarize the highlights
of each set of data, and indicate the tables where
additional detail can be found. The tables that are of
most interest to the general reader, i.e., tables that
contain trend and/or summary data, are included in
the body of the text. Tables offering fine detail of
data, that will be of interest primarily to a smaller
subset of readers, are presented in appendix A.

The trend tables indicate that there were three
years between the first three surveys (e.g., 1982-83,
1985-86) and a longer period between the 1988-89
and the 1993 survey. To relieve respondent burden,
only the Department Questionnaire was fielded in
1992. The methodology was so different that trend
tables in this report do not contain data for 1992. It
is not clear at this time when the next
instrumentation survey will be conducted.

13



SECTION A.

ANNUAL EXPENDITURES FOR RESEARCH

INSTRUMENTATION
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TOTAL EXPENDITURES FOR THE

PURCHASE OR ACQUISITION OF

RESEARCH INSTRUMENTS

Context
During the first two cycles of this survey in

1982-83 and 1985-86, data were collected only for
instruments (and their corresponding departments
and facilities) with an original purchase price of
$10,000 to $999,999. Beginning with the 1988-89
survey, coverage was expanded to include
instruments with an original purchase price of $1
million or more. To maintain the richness of
longitudinal data collected about the departments and
facilities (units) having all instruments under $1
million, the trend tables in this report were
developed so that the units are split between those
units with all instruments under $1 million and those
with at least one instrument over $1 million. This
reporting split was a methodological artifact, and
does not imply any other meaning about the
relative importance of the size of the units, nor
can it be used to predict behavior of the different
sized units. The size separation was done solely to
facilitate presentation of the varied availability of
data from the survey. For economy of words, this
report will refer to the units containing at least one
instrument costing $1 million or more as "larger"
units, and those with no instrument costing at least
$1 million as "smaller" units.

The Question
Respondents were asked to give an estimate of

"the total expenditures in this unit for the
purchase/acquisition of scientific research
equipment or equipment systems 6 during the
institution's 1993 fiscal year."

Findings
Total annual expenditures for the purchase of

academic scientific research instrumentation were
$1,203 million in 1993, an increase in current dollars
of 6 percerit since the last survey in 1988-89 (table

6 For this survey, a "system" is defined as an
interrelated collection of items effectively comprising one
single instrument.

1). However, this increase occurred primarily in the
"smaller" units. Expenditures in these units
increased 19 percent since the last survey, from $787
million in 1988-89 to $935 million in 1993.

Many of the larger units in the survey reported
decreased expenditures. Overall, expenditures in
these "larger" units decreased $83 million since the
1988-89 survey; the $268 million spent in 1993 was
a 24-percent reduction from 1988-89. Decreases in
the larger units were in three fieldsengineering,
biology, and computer sciencesbut the bulk of the
decline was in expenditures in computer science
facilities; outlays in these units dropped from $183
million in 1988-89 to $62 million in 1993. (See the
special computer science analysis on page 11 for a
discussion of the changes in computer science
facilities.)

In constant dollars,' total expenditures in 1993
were 10 percent below the level in 1988-89. The
constant-dollar decline was experienced entirely by
the larger units, where expenditures dropped 36
percent since the 1988-89 survey. During the same
period the expenditures in the smaller units showed
minimal upward change, with a 2-percent total
increase in constant dollar outlays since 1988-89.

EXPENDITURES BY FIELD OF

SCIENCE AND ENGINEERING
There were large variations in expenditures

depending upon the field of science. Three fields of
science experienced a decline in current dollar
spending over the amount purchased in 1988-89:
agriculture (a 5-percent decrease to $42 million),
multidisciplinary fields (a 28-percent decrease to $39
million), and computer science (a 44-percent
decrease to $127 million). Although this was the
largest decline of any field reporting in the survey,
the decline occurred exclusively at central computer
facilities, which experienced a 61-percent drop in
expenditures between the two survey years. At the
same time, departmental computer science
expenditures increased by 50 percent since the
1988-89 survey (table 1).

Constant dollars were derived by using the GDP
deflator.

7
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Table 1. Annual expenditures for the purchase of academic
research instrumentation, by type of unit and field of

science and engineering: 1982-83 to 1993

[Dollars in millions]
Page 1 of 1

Type of unit and field
of science and engineering

Survey year

1982-83 1985-86 1988-89 1993

Total, all units $1,139 $1,203

Engineering 267 295
Chemistry 87 112
Physics/astronomy 139 211
Environmental sciences -- 64 94

Computer science 228 127
Academic departments 34 51
Computer facilities -- 193 76

Agricultural sciences -- 44 42
Biological sciences -- 256 283
Other, multidisciplinary -- 54 39

Total, units with all instruments costing
less than $1,000,000 $398 $669 787 935

Engineering 93 173 200 260
Chemistry 39 76 83 95
Physics/astronomy 52 83 72 110
Environmental sciences 30 51 54 63

Computer science 16 47 41 58
Academic departments 14 39 30 44
Computer facilities 2 8 11 14

Agricultural sciences 27 32 44 41
Biological sciences 130 185 247 279
Other, multidisciplinary 10 21 46 31

Total, units with an instrument costing
$1,000,000 or more -- 351 268

Engineering 67 35
Chemistry -- -- 4 18
Physics/astronomy -- 66 102
Environmental sciences 10 31

Computer science -- 187 69
Academic departments -- -- 4 7
Computer facilities 183 62

Agricultural sciences -- 0 -
Biological sciences -- 10 4
Other, multidisciplinary 8 8

NOTES: This table, which includes data for all four survey cycles, is presented in a three part format to reflect the
changing coverage of instruments in the survey.

In 1982-83 and 1985-86 data were collected only for instruments (and their corresponding units) with an
original purchase price of $10,000-$999,999.

In 1988-89 and 1993 coverage was expanded to include instruments with an original purchase price
of $1,000,000 or more.

In 1993, the minimum purchase price of an in-scope instrument was changed from $10,000 to $20,000.

For consistency, data from the 1982-83, 1985-86, and 1988-89 surveys were standardized using the
same minimum purchase price criterion of $20,000 in constant 1993 dollars, based on the GDP implicit
price deflator. The $1,000,000 criterion was also standardized in constant 1993 dollars.

Because of rounding, details may not add to totals.

KEY: - = less than $500,000
= data not collected in that survey year

SOURCE: National Science Foundation/SRS, Survey of Academic Research Instruments and Instrumentation Needs:
1993
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The engineering fields had the largest total
expenditures for research equipment in 1993, with
expenditures of $295 million, up from $267 million
in 1988-89. Although this was an increase of 10
percent in current dollars, measured on a constant
dollar basis, the expenditures were 7 percent less
than those reported in the last survey in 1988-89.
Expenditures in the biological sciences were the
second highest for any field in 1993, $283 million,
up from $256 million in 1988-89. This was an 11-
percent increase; however, measured in constant
dollars, it represented a decrease of 3 percent.

Total expenditures in physics/astronomy were
the third highest, $211 million in 1993. The increase
of $72 million since the last survey in 1988-89 was
the largest absolute increase in any field, and the
corresponding 52-percent increase was also the
largest percentage increase of any field. (In constant
dollars, the percentage increase was 28 percent over
the expenditures in 1988-89.) Physics/astronomy is
one of the few fields in which the expenditures of the
larger units ($102 million in 1993) and the smaller
units ($110 million) are fairly even. (In the majority
of other fields, more money is spent in aggregate by
the smaller units.) Units in physics/astronomy also
experienced a similar percentage increase over the
previous survey (53 percent and 55 percent,
respectively). It is interesting to note that the large
current-dollar increase by the smaller units in
physics/astronomy between 1988-89 and 1993
follows an uneven pattern of spending reported in
earlier surveys. There was a 60-percent increase in
expenditures between 1982-83 and 1985-86 (from
$52 million to 83 million), followed by a 13-percent
decrease in the next survey in 1988-89 ($72 million).

Instrument expenditures in the environmental
sciences8 also rose considerably (47 percent) from
$64 million in 1988-89 to $94 million in 1993.
Two-thirds of the increase was in the larger units,
which experienced a tripling in expenditures (a $21
million increase, from $10 million in 1988-89 to $31
million in 1993). The smaller units experienced a
17-percent increase, from $54 million to $63 million.

8 The term "environmental sciences" used here includes
the fields of earth sciences, atmospheric sciences,
oceanography, and other environmental sciences not
elsewhere classified.

9

MEDIAN EXPENDITURES FOR

THE PURCHASE OF RESEARCH

INSTRUMENTATION

Data Considerations
Part of the increase in total expenditures reported

in each survey cycle is due to an increase in the
number of units represented by the institutions in the
sample, due primarily to two factors:

1. In each time period that the survey has been
collected there has been a gradual increase in
the number of institutions that perform over
$3 million in R&D; therefore the survey
respondents in each succeeding cycle
represent more institutions.

2. The institutions sampled in this survey are
generally large, dynamic, growing entities.
There is typically a higher level of activity
between each cycle of the instrumentation
survey, and often the total number of
departments and facilities at these
institutions increases as well. As the number
of units increases, the total expenditures at
the institution also tends to increase.

Using the measure of median expenditures per
unit allows an analysis of the change in expenditures
that is independent of the increase in the total
number of units. (Since there may be significant
variation in the values for many variables collected
in this survey, the median was chosen because it is
not significantly affected by extreme values.)

Findings
The median expenditure per unit for the purchase

of equipment in all fields increased from $166,000 in
1988-89 to $176,000 in 1993 (table 2). Not all
disciplines participated in this increase. Median
expenditures per unit for agricultural sciences, for
example, dropped from $130,000 in 1988-89 to
$90,000 in 1993, while median outlays per unit for
engineering decreased by a smaller amount, from
$162,000 to $154,000. The largest decrease per unit
occurred in median expenditures for computer
science, which decreased from a median of $490,000
in 1988-89 to $200,000 in 1993. Median
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Table 2. Median annual expenditures per unit for the purchase of
academic research instruments, by type of unit and field of

science and engineering: 1982-83 to 1993

[Dollars in thousands]
Page 1 of 1

Type of unit and field
of science and engineering

Survey year

1982-83 1985-86 1988-89 1993

Total, all units $166 $176

Engineering 162 154
Chemistry 449 600
Physics/astronomy 309 400
Environmental sciences -- 101 154

Computer science 490 200
Academic departments 200 300
Computer facilities 642 175

Agricultural sciences 130 90
Biological sciences 150 153
Other, multidisciplinary 102 97

Total, units with all instruments costing
less than $1,000,000 $84 $154 150 154

Engineering 82 184 150 150
Chemistry 250 346 431 550
Physics/astronomy 217 250 270 302
Environmental sciences 75 126 100 151

Computer science 160 383 200 177
Academic departments 155 383 197 315
Computer facilities S S 467 105

Agricultural sciences 56 100 130 90
Biological sciences 79 141 150 151

Other, multidisciplinary 68 78 102 90

Total, units with an instrument costing
$1,000,000 or more 500 525

Engineering 408 529
Chemistry S S
Physics/astronomy 498 621
Environmental sciences 103 658

Computer science 782 252
Academic departments S S
Computer facilities 773 300

Agricultural sciences -- S S
Biological sciences S S

Other, multidisciplinary S S

NOTES: This table, which includes data for all four survey cycles, is presented in a three-part format to reflect the
changing coverage of instruments in the survey.

In 1982-83 and 1985-86 data were collected only for instruments (and their corresponding units) with an
original purchase price of $10,000-$999,999.

In 1988-89 and 1993 coverage was expanded to include instruments with an original purchase price
of $1,000,000 or more.

In 1993, the minimum purchase price of an in-scope instrument was changed from $10,000 to $20,000.

For consistency, data from the 1982-83, 1985-86, and 1988-89 surveys were standardized using the
same minimum purchase price criterion of $20,000 in constant 1993 dollars, based on the GDP implicit
price deflator. The $1,000,000 criterion was also standardized in constant 1993 dollars.

Because of rounding, details may not add to totals.

KEY: S = fewer than 10 cases for analysis
= data not collected in that survey year

SOURCE: National Science Foundation/SRS, Survey of Academic Research Instruments and Instrumentation Needs:
1993
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expenditures track the direction of total
expenditures; the computer science decline was
entirely in computer facilities, which experienced a
73-percent decline in median expenditures.

Median expenditures per unit in the other
sciences increased during the period between the two
surveys, but at differing rates. Chemistry, for
example, had median expenditures per unit rise from
$449,000 to $600,000, and physics/astronomy
median expenditures per unit rose from $309,000 to
$400,000. During the same time the biology median
expenditure per unit rose only slightly, from
$150,000 to $153,000.

SOURCES OF FUNDING FOR THE

PURCHASE OF RESEARCH

INSTRUMENTATION

The Question
Respondents were asked to estimate the

"proportion of total expenditures for equipment in
FY 1993 from each of the following sources:
Federal (National Science Foundation; National
Institutes of Health; Department of Defense;
Department of Energy; and other Federal sources)
and non-Federal (institution or unit funds; State
grant or appropriation; industry; and other sources
including private, nonprofit foundations,
gifts/donations, and bonds).

Findings
Federal sources.In 1993, the Federal

Government provided $624 million, or 52 percent of
the $1,203 million in total expenditures for academic
research instruments (table 3). Funds generally came
as part of a grant or contract for the conduct of
research, or through special instrumentation
programs set up by the Federal Government. The
four agencies mentioned above contributed 84
percent of the total Federal contribution.

The National Science Foundation was the largest
Federal source for research instrumentation funds in
1993, providing $213 million, or 18 percent of the

11

total. The National Institutes of Health was the
second largest Federal source, providing $117
million, or 10 percent. The Department of Defense
was the third largest Federal source; providing $106
million, or 9 percent. The Department of Energy
contributed $87 million, or 7 percent of the total.

All other agencies combined contributed $99
million, or 8 percent of the total expenditures.

Non-Federal Sources.In 1993, non-Federal
sources provided $580 million, or 48 percent of the
total expenditures for academic research instruments
(table 3). The largest single source of funds was the
academic institutions themselves, which provided
$292 million, or 24 percent of the total.9 Funding
from State grants or appropriations amounted to
$102 million, or 8 percent of the total. Industry
contributed $80 million, or 7 percent of the total. All
other sources (including private, nonprofit
foundations, gifts/donations, and bonds) totaled $105
million, or 9 percent of the total. (Bonds are a
"source" of income only in a limited time sense, as
the institutions in future years must pay back the
borrowed money and accompanying interest
payments from their other sources of income.)

EXPENDITURES FOR

MAINTENANCE/REPAIR AND
OPERATION OF EXISTING

INSTRUMENTS

Context
Expenditures to maintain and operate the

existing stock of scientific research instrumentation
are an important additional cost that must be factored
into the total research budget decisions by the head
of every unit. The chairs of departments and
facilities must choose among alternatives for
spending, with research money being allocated at a
minimum among personnel expenses;
instrumentation purchases; and maintenance, repair,
and operation of existing instrumentation.

9 Institutional funds generally come from one of four
sources: indirect cost recovery from awards from the
Federal Government and other sources; State operating
appropriations from general revenues; student tuition; and
unrestrict d ifts and income (e.g., endowments).



Table 3. Expenditures for the purchase of academic
research instruments, by source of funds: 1993

[Dollars in millions]
Page 1 of 1

Source of funds Total

Total $1,203

Federal, total 624

National Science Foundation 213
National Institutes of Health 117
Department of Defense 106
Department of Energy 87
Other Federal sources 99

Non-Federal, total 580

Institution funds 292
State grant or appropriation 102
Industry 80
Other non-Federal sources' 105

Includes private, nonprofit foundations, gifts/ donations,
and bonds.

NOTE: Because of rounding, details may not add to totals.

SOURCE: National Science Foundation/SRS, Survey of
Academic Research Instruments and
Instrumentation Needs: 1993
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The instrumentation survey measured the amount
of total maintenance/repair and operation expenses in
comparison with the amount that was spent on
purchasing new instrumentation, and reported the
perception of the unit heads of the quality of assets
available to them to maintain, repair, and operate
their existing stock of instrumentation. To reduce
respondent burden, the survey did not ask for
information concerning the sources of funding for
the costs incurred for maintenance/repair and
operation.

The Questions
Respondents were asked to give the "FY 1993

expenditures for maintenance/repair and for
operation of scientific research equipment in this
unit. (Do not include fringe benefits or overhead
costs.)"

In addition, given five-point rating scales
ranging from excellent (1) to poor (5), they were also
asked to assess the maintenance/repair of the
research equipment in the unit, and the availability
of resources in the unit to operate current
equipment.

Maintenance/Repair of Existing
Research Instrumentation

Findings
Expenditures.Aggregate expenditures for

maintenance/repair in 1993 fell for the first time
since survey data collection began in 1982. Expen-
ditures decreased from $289 million in 1988-89 to
$234 million in 1993, a decline of 19 percent (table 4).

Maintenance/repair expenditures comprise
service contracts and field services, salaries of
maintenance personnel, and other costs such as tools
and supplies. Expenditures fell at a much faster rate
for the larger units (a decrease of 38 percent) than for
the smaller units (6 percent) (table A-1). By size of
unit, the bulk of the decline in the larger units (as
would be expected) was in the computer science
facilities.10 Presumably, with fewer units in
existence for the conduct of research, the aggregate
expenses to maintain the research instrumentation
also decreased.

10 Unpublished NSF data.
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The largest decrease by field was also in
computer science facilities, where expenditures
dropped from $85 million to $33 million. Agri-
cultural sciences also experienced a large percentage
decrease in maintenance/repair (36 percent), with
outlays dropping from $11 million to $7 million.

Assessment of resources for maintenance/
repair.Almost three-quarters of the respondents
rated the maintenance/repair of their instruments as
excellent to adequate. Most satisfied were the
respondents from computer science facilities; 97
percent rated their maintenance/repair as excellent.
At the other end of the scale, 40 percent of
environmental science respondents and 39 percent of
chemistry respondents rated maintenance/repair as
inadequate to poor (table A-2).

Operation of Existing Research
Instrumentation

Findings
Expenditures.Expenditures for the operation

of existing instrumentation fell 22 percent between
the two surveys, from $726 million in 1988-89 to
$563 million in 1993 (table A-3). Detail collected in
the 1988-89 survey indicated that approximately 75
percent of total operation costs was used to pay the
salaries of operators."

Assessment of available resources for
operation.The majority of respondents (58
percent) were fairly satisfied with the resources
available to them to operate their instrumentation,
although the scores here were not as high as the
satisfaction scores with maintenance/repair (see
earlier discussion). Forty-seven percent of the
respondents rated the resources as adequate, and 11
percent rated them as very good to excellent (table
A-4).

" Data on expenditures for operation of equipment were
first collected in the 1988-89 survey, and a breakdown by
type of expenditure was included in the questionnaire.
Comments from that survey's respondents indicated that it
was exceedingly difficult to report a breakdown of
operation expenditures by type; consequently, that level of
detail was eliminated in the 1993 survey in an effort to
reduce respondent burden.
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Table 4. Expenditures for maintenance/repair and operation of stock of existing academic
research instruments, by field of science and engineering: 1988-89 and 1993

[Dollars in millions]
Page 1 of 1

Field of science and engineering

Total maintenance/repair/
operation

Type of cost

1988-89 1993
Maintenance/repair 1 Ope ation 2

1988-89 1993 1988-89 1993

Total $1,014 $797 $289 $234 $726 $563

Engineering 138 157 42 58 97 99
Chemistry 42 46 18 13 24 32
Physics/astronomy 120 95 28 22 92 73
Environmental sciences 73 87 22 23 52 64

Computer science 348 163 99 47 248 116
Academic departments 28 29 15 14 13 15
Computer facilities 320 133 85 33 235 101

Agricultural sciences 53 26 11 7 42 19
Biological sciences 197 192 58 55 138 137
Other, multidisciplinary 43 31 10 7 33 24

1 Maintenance/repair costs include maintenance agreements, service contract costs, salaries of department- or institution-provided
maintenance/repair personnel, and cost of supplies, instruments, and facilities for servicing research instruments.

2 Operating costs include salaries for technicians or other personnel paid to operate research instruments, and costs of supplies and materials used
in operating the instruments.

NOTES: In 1993, the minimum purchase price of an in-scope instrument was changed from $10,000 to $20,000. For consistency, data from the
1988-89 survey were standardized using the same minimum purchase price criterion of $20,000 in constant 1993 dollars, based on the
GDP implicit price deflator.

Because of rounding, details may not add to totals.

SOURCE: National Science Foundation/SRS, Survey of Academic Research Instruments and Instrumentation Needs: 1993
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However, 42 percent of respondents from these
research-intensive institutions rated the resources
available for operation as less than adequate (34
percent) or poor (8 percent). Fifty-nine percent of
the agriculture respondents rated the resources as
inadequate to poor, the highest percentage of all the
surveyed fields (table A-4). These same agricultural
units experienced a 55-percent decrease in operation
expenditures since the last survey, from $42 million
in 1988-89 to $19 million in 1993 (table 4).

Fifty-three percent of the environmental sciences
respondents and 50 percent of the chemistry
respondents were dissatisfied with the availability of
resources to operate equipment (table A-4), even
though both of these fields experienced increases in
the outlays for operation of equipment between the
two surveys (from $24 million to $32 million for
chemistry, and from $52 million to $64 million for
environmental sciences) (table 4).

Budgetary considerations for
maintenance/repair and operation.
Notwithstanding the reduced expenditures in 1993,
outlays for maintenance/repair and operation were a
considerable expense for the respondents. Overall,
expenses for the upkeep and operation of the existing
stock of instrumentation amounted to 66 percent of
the cost allocated to purchasing new equipment in
1993. In other words, for every dollar spent on new
purchases, an additional $0.66 was spent on
maintenance/repair and operation of the existing
stock (table 5).
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These proportional expenditures varied by
discipline, with computer science spending the
highest proportion: For every dollar spent on new
purchases, $1.28 was spent on the
maintenance/repair and operation of the existing
stock.

Within the field of computer science, the
facilities had the highest proportion of these
expenses of any field of science surveyed. For
maintenance/repair, facilities spent $0.43 for every
dollar spent on new purchases. This is not
surprising, since the complexity of the large
mainframe instrumentation makes it imperative to
budget for service contracts and/or specially trained
personnel to maintain the systems. Proportional
expenditures for operation in computer facilities
were also the highest for any field ($1.33 for every
dollar of the cost of new purchases) as many of the
mainframes and supercomputers cannot be utilized
without the services of highly experienced operators.

Similarly, environmental sciences also had a
very high proportion of operating expenses ($0.68
for every dollar spent on new purchases). Again, the
research instrumentation often necessary in these
disciplinessuch as research vessels and electron
microscopesoften requires the services of highly
trained technicians and other specialized personnel.
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Table 5. Expenditures for maintenance/repair and operation of stock of existing
academic research instruments as a percent of expenditures for purchase

of additional academic research instruments, by
field of science and engineering: 1993

[Percent]
Page 1 of 1

Field of science and engineering

Total
maintenance/

repair/
operation

Type f cost

Maintenance/
repair 1

Operation 2

Total

Engineering
Chemistry
Physics/astronomy
Environmental sciences

Computer science
Academic departments
Computer facilities

Agricultural sciences
Biological sciences
Other, multidisciplinary

66%

53
41
45
92

128
57

176

62
68
80

19%

20
12
10
25

37
27
43

17
19
19

47%

33
29
34
68

91
30

133

45
48
61

Maintenance/repair costs include maintenance agreements, service cont act costs,
salaries of department- or institution-provided maintenance/repair personnel, and cost of
supplies, instruments, and facilities for servicing research instruments.

2 Operating costs include salaries for technicians or other personnel paid to operate
research instruments, and costs of supplies and materials used in operating the
instruments.

SOURCE: National Science Foundation/SRS, Survey of Academic Research Instruments and
Instrumentation Needs: 1993
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SECTION B .

SPECIAL ANALYSIS OF EXPENDITURES DATA
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CHANGES SINCE 1988-89 IN
COMPUTER SCIENCE

INSTRUMENTATION

EXPENDITURES

Total expenditures for research instrumentation
in computer science varied considerably by the type
of unit, reflecting in large part the changing role of
central computer facilities in science and engineering
research. Expenditures at central computer facilities
dropped 61 percent since the last survey in 1988-89
(from $193 million to $76 million), while
expenditures in computer science departments
increased 50 percent to $51 million (table 1).

There is of course continuing demand for
powerful large computers and for supercomputers,
and their usage has been increasingly shared among
researchers in the academic community due to the
rapid increase in networking access to off-site
research computers via electronic connections. Since
the last survey in 1988-89, however, the phenomenal
growth in the computational capabilities of personal
computers and workstations, coupled with their
continued decrease in price, has changed the
purchase pattern for computers being used for
research in all disciplines. The emphasis on many
campuses is increasingly away from the purchase of
large mainframe computers housed in central
facilities, and toward the purchase of smaller, very
powerful computers that can be located in the
laboratories and offices of the researchers
themselves.

Thus, while many of the largest computers and
the supercomputers are still utilized heavily, and
their aggregate cost is great, new purchases are
increasingly the less expensive but very powerful
computers to be housed in the researchers' own
laboratories, many of which have networking
capability for off-site research and collaboration. As
a result, new research instrument purchases at central
computer facilities were still very costly, but had

dropped to 60 percent of computer science
expenditures in 1993, down from 85 percent in
1988-89.

Other data from the survey corroborated this
change. The number of computer facilities reported
in the 1993 survey was lower than the number
reported in the 1988-89 survey; followup calls were
made to ascertain the reasons for the decline. On
many campuses, there had been a change in the
academic mission of many of the mainframe
computers housed in central computer facilities:
Many of the mainframes utilized as research
instruments in the 1988-89 survey were reported in
the 1993 survey as being used primarily for
administrative purposes instead. As a result, any
continued expenditures at these computer facilities
were not considered to be research expenditures, and
consequently were not reflected in this survey.

Although the overall importance of computer
instrumentation in research has continued to
increase, the reporting of expenditures for computer
research instruments may have moved from being
expenditures for the discipline of computer science
to being expenditures in the originating disciplines.

This change is illustrated by the answers to the
survey question that asked respondents to list the
research instrument considered the top priority item
of need in their units. Twenty-eight percent of all
respondents listed computers as their top priority
item of need. As would be expected, 99 percent of
respondents from computer science listed a computer
as the top priority item, but 35 percent of
respondents from both the environmental sciences
and engineering also listed a computer as their top
priority item (table A-10).

Research instrumentation needs at the remaining
computer science facilities used for research are of
course quite large in the aggregate, reflecting the
very high cost per-item for instruments in these units.
The median cost for a top priority computer for the
computer science facilities ($200,000) is far greater
than the cost of the top-priority computer for any
other discipline (table A-10).
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INSTRUMENTATION

EXPENDITURES

PER FACULTY MEMBER

Context
To make well-informed policy decisions about

research instrumentation funding it is necessary to
know the extent of total expenditures by the various
fields. However, some other normalizing procedure
must also be used to relate total expenditures data to
the actual experiences in each unit. The responding
institutions in this survey represent some of the very
largest academic research institutions, and their
departments and facilities are often larger than
corresponding units in other institutions. Larger
units tend to have more faculty and therefore more
research activity, which increases instrumentation
expenditures based on size considerations alone.

The survey questionnaire asked for number of
faculty, which allowed NSF to tabulate median

Engineering

Chemistry

Physics/Astronomy

Environmental Sciences

Computer Sciences

Agricultural Sciences

Biological Sciences

Other, Multidisciplinary

Total

expenditures on a per-full-time faculty and per-full-
time research-faculty basis, in addition to the
analysis of spending on a per-unit basis.

The Question
Respondents to this survey were asked to give the

"number (headcount) of FULL-TIME faculty
members in your unit" and the "number (headcount)
of FULL-TIME faculty members in your unit who are
participating in separately budgeted research
projects."

Findings
Expenditures per Faculty Member.The

median expenditure per faculty member in 1993 for
the purchase of research instrumentation by the units
covered by this survey was $9,844. The field of
research made a large difference in the level of
expenditures: Median outlay per faculty member
ranged from a high of $18,730 in chemistry to a low
of $3,063 in the agricultural sciences (figure 1).

Figure 1. Median equipment expenditures per full-time faculty: 1993

1 $9,524

j $8,374

I $14,572
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$16,667
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SOURCE: National Science Foundation/SRS, Survey of Academic Research Instruments and Instrumentation Needs: 1993
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The type of unit also made a difference: Median
expenditures per-faculty in the larger units were
considerably higher ($24,200) than the per-faculty
expenditure at the smaller units ($8,700).

Expenditures per Research-Faculty
Member.Although one usually associates the
faculty with research at these large research-
intensive universities, all faculty do not necessarily
conduct research, nor conduct it during every year.
For this reason the median expenditures per research-
faculty member among the units responding to this
survey were higher than the median per-faculty

expenditure, reaching just over $13,000 in 1993
(figure 2). As in other instrumentation expenditure
data, the field of science made a large difference in
the expenditures: Median expenditures ranged from
a high of $24,313 per research-faculty in chemistry
to $4,284 in agricultural sciences.

The size of the largest instrument in the unit also
made a difference in the per faculty costs. The larger
units expended $26,200 per research-faculty
member, compared with an $11,800 outlay by the
smaller units.

Figure 2. Median equipment expenditures per full-time research faculty: 1993

Engineering

Chemistry

Physics/Astronomy

Environmental Sciences

Computer Sciences

Agricultural Sciences

$12,500

$10,737

$4,284

Biological Sciences $11,067

Other, Multidisciplinary ,

Total

$13,564

$13,043

1$19,375

1$18,333

$0 $5,000 $10,000 $15,000

$24,313

$20,000 $25,000

SOURCE: National Science Foundation/SRS, Survey of Academic Research Instruments and Instrumentation Needs: 1993
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TRENDS SINCE 1982-83 IN

EXPENDITURES BY THE

SMALLER UNITS

Data Considerations
Over the years since the first instrumentation

survey in 1982, there have been additions made to
the types and the cost range of the instruments that
were considered in scope. Therefore, trend data back
to 1982 are available only for one category of
respondentsthose in the smaller units (in which all
instruments cost less than $1 million). As would be
expected, in most fields the aggregate expenditures
for research instruments are generally higher for the
smaller units, because these units outnumber the
larger units (in which at least one instrument costs $1
million or more) (table 1). The exception is in
computer science facilities, where the bulk of the
expenditure cost is in the larger units, which
typically house large mainframe computers.
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Expenditures By The Smaller Units
For The Purchase Of New
Instruments

Total expenditures.Total expenditures for
the smaller units increased from $398 million in
1982-83 to $935 million in 1993 (table 1), an
average annual increase of approximately 9 percent.
However, figure 3 demonstrates that the greatest rate
of increase in current dollars occurred between the
1982-83 and 1985-86 surveys (an approximate 19
percent annual increase). Since the 1985-86 survey,
expenditures for purchases of academic research
instrumentation in current dollars have risen more
slowly (approximately 4 percent per year).

The change in the rate of increase was more
dramatic in constant dollars. The total average
annual increase since 1982-83 was approximately 5
percent. However, the constant dollar annual rate of
increase, which was approximately 14 percent
between 1982-83 and 1985-86, fell to an annual
increase of approximately 1 percent between
1985-86 and 1993 (figure 3).

Figure 3. Expenditures for research equipment in the "smaller" units':
1982-93

1985-86 1988-89 1993

--Current Dollars
2

aConstant Dollars

Departments and facilities with no research instruments having an original purchase price of $1 million or more
Using the GDP price deflator and a base year of 1987

SOURCE: National Science Foundation/SRS, Survey of Academic Research Instruments and Instrumentation Needs
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Median expenditures per unit.Normalized
on a per-unit basis, the median expenditures of the
smaller units also changed direction since 1985-86.
Median expenditures increased at a rapid rate in
current dollars between the 1982-83 and the 1985-
86 surveys, but have been virtually level ever since
(figure 4). In constant dollars, median expenditures
per unit for the purchase of additional equipment
have registered declines in every survey since 1985-
86.

Expenditures by source of funds.Federal
funding as a proportion of total funding for the
smaller units decreased from 50 percent in 1982-83
to 46 percent in 1993 (table A-5). State government
contributions also declined (from 11 percent to 9
percent). Industrial contributions remained level, at
8 percent of total expenditures.

Institutions' own funding rose from 24 percent in
1982-83 to 27 percent. "Other" sources, which
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include foundation and individual donations and
bonds, rose from 7 percent to 10 percent.

Expenditure Trends by Field. Smaller units
in engineering experienced the greatest absolute
increase in research instrumentation expenditures in
current dollars: The $260 million in 1993 was
almost three times larger than the $93 million in
1982-83. Smaller units in the biological sciences
also experienced a large absolute increase: The $279
million spent in 1993 was more than twice the $130
million spent in 1982-83 (table 1).

In terms of proportional change, the largest
percentage increase in expenditures since 1982-83
was in the computer sciences. This is not surprising,
given the relative newness of the research field in the
early 1980s, and the phenomenal increase in research
computer capacity in recent years. Starting from the
low base of $16 million in 1982-83, computer
science expenditures rose 262 percent to $58 million
in 1993.

Figure 4. Median expenditures for research equipment per "smaller" unit':
1982-83 to 1993

0Current Dollars
2

-IN- Constant Dollars

1985-86 1988-89 1993

Departments and facilities with no research instruments having an original purchase price of $1 million or more
2 Using the GDP price deflator and a base year of 1987

SOURCE: National Science Foundation/SRS, Survey of Academic Research Instruments and Instrumentation Needs
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Agriculture was the only field of science that
failed to double its expenditures since 1982-83,
when expenditures were $27 million. Expenditures
increased 52 percent to $41 million in 1993. That
increase, however, was 6 percent in constant dollars,
an increase of less than 1 percent a year.

Expenditures by the Smaller Units
for Maintenance/
Repair and Operation of Existing
Instruments

Trend data for the smaller units are also
available for maintenance/repair costs back to the
first survey in 1982-83. Survey questions about
operation expenses, however, were only introduced
with the 1987-88 survey (table A-1).

Findings
Maintenance/repair.Expenditures for

maintenance/repair in the smaller units decreased in
1993 for the first time since 1982-83. The $162
million spent in 1993 was 6 percent less than the

$173 million spent in 1988-89 (table A-1). Median
expenditures per unit decreased from $38,000 in
1988-89 to $25,000 per unit in 1993 (table A-6).

Maintenance /repair includes expenditures for
service contracts and field service, salaries of
maintenance personnel, tools, supplies, etc. In
previous surveys, service contracts and field service
comprised slightly more than 40 percent of total
maintenance/repair expenditures. (This question was
not asked on the 1993 survey, because of respondent
burden issues.)

Operation.Data for operation expenses were
collected beginning with the 1988-89 survey.
Median expenditures for smaller units dropped
between the two surveys from $60,000 to $40,000
per unit. In the 1988-89 survey, respondents were
asked to provide a breakdown of costs between
salaries to operate the equipment and all other costs.
Salaries comprised most of the costs in the smaller
units. More than half of the respondents, in fact, had
no operation expenses other than salaries. The larger
units, by contrast, had median costs of $217,000 for
salaries and $80,000 for other expenses (table A-7).
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SECTION C.

AN ASSESSMENT OF NEEDS FOR

ACADEMIC RESEARCH INSTRUMENTATION
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DATA CONSIDERATIONS
Respondents were asked about expenditures for

research instrumentation purchases on the basis of
their actual 1993 expenditures, and the analysis and
tables in the previous sections reflect those
expenditures. Respondents were also asked for their
perception of the needs of their units at the time they
were filling out the survey form in 1994. For this
reason, tables and analysis in this report concerned
with the respondents' perceptions of the adequacy
their current instruments, and the need for new
instrumentation, reflect the collection date of late
1994.

The Question
Respondents were given a five-point rating scale

ranging from "substantially increased" (1) to
"substantially decreased" (5), and were asked to
assess, "over the past two years, the needs for
research equipment in my unit."

Findings
Overall, 69 percent of respondents reported that

their needs had increased in the two-year period:
Forty-five percent said that their needs had
increased, and an additional 24 percent said that their
needs had increased substantially. Thirty percent
said that the needs had remained about the same,
while only 2 percent reported that the needs had
decreased (table A-8). Thus, for many disciplines,
increased needs since 1992 were set against a
leveling of expenditures since the 1988-89 survey
(table 1).

ADEQUACY OF CURRENT

EQUIPMENT TO MEET

RESEARCHERS' NEEDS

The Question
To set the context for specific questions about

needs, respondents were asked about the capability
of their current instrumentation. Given a five-point
scale ranging from "excellent" (1) to "poor" (5),
they were asked to rate "the overall capability of the

research equipment in (my) unit to enable existing
faculty investigatorsI2 to pursue their major research
interests."

Findings
Overall, 42 percent of the respondents from the

larger institutions gave ratings of less than adequate
to the capability of their research instruments to
enable the faculty to pursue their major research
interests. Respondents with the highest percentage
reporting inadequacy were from chemistry (61
percent) and from computer science facilities (51
percent). However, only 26 percent of computer
science departments rated their instrumentation as
inadequate. A large minority in several other fields
reported inadequacy: Forty-nine percent of
respondents in engineering and in
physics/astronomy, and 46 percent of environmental
respondents. Agriculture (35 percent) and biology
(32 percent) were the fields with the lowest
percentage of respondents reporting inadequate
equipment (table A-9). As the modal response, 39
percent of the respondents rated their
instrumentation as inadequate to support the research
interests of their facultya rating of 4 on the five-
point scale (table A-9).

The Question
If the respondents answered that the

instrumentation was "inadequate" or "poor," they
were asked to estimate "the cost to acquire sufficient
research equipment that would fully support your
existing faculty."

Findings
The 42 percent of respondents who rated their

instruments as being less than adequate estimated
that it would cost a total of $1,438 million to bring
their research instrumentation to a point that would
fully enable existing faculty to pursue their major
research interests. Engineering respondents recorded
the highest amount necessary, $435 million. On a
median cost-per-unit basis however, engineering

12 It is important to note that respondents were asked to
rate the capability of instrumentation for the existing
faculty currently in place at the institution. Although it
might be in the best interest of any individual institution
to need different equipment to hire a new faculty
member, on a national basis it was not appropriate to
include this kind of need in the aggregate.
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needs at $500,000 were in the mid-range of costs:
The median per unit cost to acquire this equipment
ranged from $950,000 in chemistry to $250,000 in
the agricultural and multidisciplinary sciences (table
6). (See also the special analysis of the comparison
of needs of these respondents with those who rated
their instrumentation as adequate, beginning on page
33.)

TOP-PRIORITY ITEMS OF NEED

Presentation of the Data

As would be expected from so large a cohort of
respondents, responses to this question yielded a
great amount of data. To assist in user analysis, the
data are presented in several tabular ways, allowing
the researcher to review the data by type of
instrument needed, as well as by discipline. It is not
appropriate in a report of this type to describe each
table in great detail. Instead, for the convenience of
the reader, the text will highlight the different types
of analyses that can be derived from the data, and
indicate the tables where the information can be
found.

The sampled instruments were tabulated into five
major categories: computers; chromatographs and
spectrometers; microscopy instruments; bioanalytical
instruments; and "other" instruments.

Readers wishing to ascertain the cost of
acquiring the most needed instruments will find that
table 7 presents data on the total cost of the top
priority item and the top three priority items needed,
disaggregated by field of science or engineering.

Appendix table A-10 presents the cost of
acquiring the needed instruments on a per-unit basis,
by displaying the median cost, disaggregated by
major instrument category and by field. Table A-10
also shows how popular the five major categories of
instrument were, by presenting the frequency of
requests by respondents for them.

Appendix table A-11 gives greater detail on the
top priority items shown in table 7; table A-11
presents total cost in dollars for each major category
of instrument. It also depicts the concentration of
need within fields. For instance, the cost of the top

priority items requested by respondents in two fields
represented 51 percent of the total cost: The requests
of respondents in engineering and in physics/
astronomy were 27 percent and 24 percent of the
total cost, respectively. (Table A-12 presents
identical data to table A-11 for the top three priority
instruments combined.)

Finally, for researchers who want to know which
types of instruments are needed by individual
disciplines, table 8 presents the greatest amount of
detail (i.e., the total cost of the top priority
instruments by detailed type of instrument). (Table
A-13 presents identical data to table 8 for the top
three priority instruments combined.)

Context
The rating-scale questions on capability

discussed above were asked in terms of the overall
capability of the stock of existing instrumentation to
enable current faculty to pursue their major research
interests. In a slight variation of that question,
respondents were requested to name three pieces of
equipment that were most needed to bring the unit's
research equipment up to the faculty's full
capabilities. While 58 percent of the respondents
were satisfied with the overall capability of the
instrumentation (see discussion above), 90 percent
had some need for additional items.

The Question
Respondents were asked to indicate "The three

pieces of equipment, costing $20,000 or more
(including the cost of accessories), that are most
needed to bring your unit's research equipment up to
your faculty's full capabilities." They were asked to
list these three top items in priority order and to
estimate the purchase price of each item.
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(Realizing that not all needed instruments were
in this high-cost category, particularly since many
very high-powered personal computers and
workstations can be purchased for less than $20,000,
the questionnaire also allowed respondents to
respond that no additional equipment costing more
than $20,000 was needed, which 10 percent of
respondents did. The findings below are based on
the 90 percent of respondents who indicate that their
topmost priority was for instruments over $20,000.)
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Table 6. Percent of respondents who reported their instrumentation was
not adequate to enable faculty to pursue their major research

interests, and the estimated cost to acquire sufficient
research instrumentation to support faculty fully,

by field of science and engineering: 1994

[Dollars in thousands]
Page 1 of 1

Field of science and engineering

Percent
reporting

inadequate
instrumenta-

tion

Total cost
to achieve
sufficiency

Median cost
per unit

Mean cost per
unit

Total 42% $1,437,533 $500 $783

Engineering 49 435,314 500 729
Chemistry 61 133,376 950 989
Physics/astronomy 49 199,448 560 1,363
Environmental sciences 46 223,702 500 1,203

Computer science 38 75,931 500 893
Academic departments 26 20,485 S S
Computer facilities 51 55,447 450 1,269

Agricultural sciences 36 69,210 250 761
Biological sciences 32 241,282 350 480
Other, multidisciplinary 48 59,269 250 645

NOTES: Data are for the 42 percent of the espondents who reported on a scale from 1 (excellent) to 5
(poor), that the overall capability of research instruments to enable existing faculty investigators in
their unit to pursue their major research interests was inadequate or poor (a score of 4 or 5).

Because of rounding, details may not add to totals.

KEY: S = fewer than 10 cases for analysis

SOURCE: National Science Foundation/SRS, Survey of Academic Research Instruments and Instrumentation
Needs: 1993

BEST COPY AVAILABLE
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Findings
If all three of the top priority items needed by

each respondent could be purchased, the total
estimated cost would be $2,048 million. Of this
amount, $942 million, or 46 percent of the total, was
the estimated cost of acquiring only the topmost
priority item (table 7).

NEED BY TYPE OF INSTRUMENT

Computers.Twenty-eight percent of all
respondents listed a computer as their topmost
priority, a graphic illustration of the importance of
computers to research in all fields. The range of top
priority needs for computers went from highs of 100
percent of respondents in computer science
departments and 35 percent in engineering and the
environmental sciences, to a low of 14 percent of
respondents in chemistry and biology (table A-10).

The cost to acquire only computer top-priority
items was $202 million, or 21 percent of the total
cost of all first-priority items. The leading fields by
cost were computer sciences ($99 million) and
engineering ($48 million) (table A-11).

The median cost for all computers listed as top
priority was $75,000 (table A-10). As would be
expected, the median cost cited by computer science
facilities was much higher than that reported in other
fields, $200,000. This reflects the high cost of
mainframes and supercomputers needed by the
central facilities still operating for research, many of
which perform computations for off-site researchers.

Chromatographs and spectrometers.The
total cost for all chromatographs and spectrometers
listed as top priority need was $213 million, and 21
percent of respondents reported them as their top
priority need (table A-10). The majority of need was
in biology ($62 million), chemistry ($57 million),
and engineering ($53 million). Proportionately,
however, chemistry respondents had the highest
demand for these instruments ($57 million out of $62
million). This category includes NMR/EPR
spectrometers as well as instruments such as x-ray
diffraction systems. In terms of cost, most of the
need cited by chemistry respondents was allocated to
NMR/EPR spectrometers, which comprised 83

percent of the cost of the top priority instruments
mentioned by the chemistry respondents.

Bioanalytical instruments.The total cost for
all bioanalytical instruments listed by respondents as
the top priority need was $76 million, and 20 percent
of all respondents mentioned this category as their
top priority item (table A-10). As would be
expected, respondents from biology fields expressed
the highest need$36 million, or 47 percent of the
total cost. Respondents in physics/astronomy also
needed a sizable amount of bioanalytical
instruments, totaling $19 million, or 25 percent. The
need in engineering fields comprised $11 million, or
15 percent (table A-11).

Microscopy instruments.The total cost of
the top priority items in microscopy was $76 million,
the same total as for bioanalytical instruments.
However, fewer respondents cited a need for this
category (11 percent) than for bioanalytical
instruments (20 percent). Respondents from the
biological sciences cited a need for 47 percent of the
total cost of top priority microscopy instruments, $36
million. Thirty-one percent of the total cost, or $24
million, was needed by respondents from the
engineering fields (table A-11). Engineering
respondents reported that the bulk of their need was
for electron microscopes (table 8).

"Other" instruments."Other" instruments
was used to describe miscellaneous instruments,
none of which was large enough to constitute a
category of its own. Taken together, however,
"other" comprised the largest category of need, both
in terms of total cost as well as the percentage of
respondents mentioning the item. Twenty-nine
percent of respondents cited "other" instruments as
their top priority needs (table A-10). The $375
million cost comprised 40 percent of the total cost of
all top priority items (table A-11).
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"Other" instruments includes lasers, robots,
temperature/pressure control devices, and "major
instruments," the most costly single type of
instrument requested. ("Major instruments" are
often unique, individually fabricated itemssuch as
nuclear reactors, research vessels, wind tunnels, and
telescopes). Because each major instrument is very
costly, it is not surprising that the $375 million total
cost is the highest of all the categories.
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Table 7. Total cost to purchase the top priority item and total
cost to purchase the top three priority items requested,

by field of science and engineering: 1994

[Dollars in millions]
Page 1 of 1

Field of science and engineering

Total cost

Top priority
item

Top three
priority items

Total $942 $2,048

Engineering 255 534
Chemistry 62 146
Physics/astronomy 227 558
Environmental sciences 104 200

Computer science 99 146
Academic departments 21 42
Computer facilities 77 104

Agricultural sciences 15 49
Biological sciences 163 363
Other, multidisciplinary 18 52

NOTES: Data are for the 90 percent of respondents who reported a need for
instruments costing $20,000 or more. The remaining 10 percent of
respondents reported that their units did not need any additional
instrumentation in that price range.

Because of rounding, details may not add to totals.

SOURCE: National Science Foundation/SRS, Survey of Academic Research
Instruments and Instrumentation Needs: 1993

BEST COPY AVAILABL
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The need for "other" instruments as a top
priority was not uniform throughout the sciences, but
was heavily concentrated in physics/astronomy
($190 million, with 59 percent of the respondents
mentioning items in this category), engineering
($119 million, 32 percent), and environmental
sciences ($48 million, and 19 percent.) (Table A-10
shows the percentage of respondents requesting a
particular category of instrument. Table A-11 shows
the dollar cost for each category of instrument.)

TOP PRIORITY ITEMS OF NEED
BY DETAILED TYPE OF

INSTRUMENT
While table 7 depicts the total cost of the top

priority item and the top three priority items by each
field of science, table 8 presents a detailed picture of
the exact types of instruments needed, by field of
science, and the total cost of each top priority item.
The reader can find information on the types of
instruments needed, the magnitude of the need, and
the concentration of instruments within the fields of

science. For example, only computers were listed by
respondents in every field as the top priority item
needed in their units. (Table A-13 presents identical
data to table 8 for the top three priority instruments
combined.)

REASONS FOR NEEDING THE TOP
PRIORITY ITEMS

The Question
When listing the three topmost priority items

needed by the unit, the respondents were asked to
"state the primary purpose for acquiring the
instrumentwhether to (1) replace an existing item;
(2) expand capacityi.e., more copies of existing
equipment; or (3) upgrade capabilitiesi.e., perform
experiments that you cannot do now." It must be
understood that in many cases these reasons are not
mutually exclusivefor example, few researchers
replace an existing item with its exact replica;
today's instruments are often better, faster, and more
complex than their predecessors.

Figure 5. Reason for need for the highest priority research instrument, by field of science
and engineering: 1994

/7;777MMW/AEngineering imimmmlimmilimmimminmemom

Chemistry

//x1Physics/Astronomy immimmolommismimmum

//FFAIMWAM/t/ /7ff7111=AIM"./
Environmental Science

Computer Science

Agriculture

Biology
/# /7/ ,

Other/Multidisciplinary mimimimommommuimmrJ

Total, all fields nomminimmoolommomins

Ei Replace existing instruments

0 Expand capacity

MI Upgrade capabilites

0% 10% 20% 30% 40% 50% 60% 70%

SOURCE: National Science Foundation/SRS, Survey of Academic Research Instruments and Instrumentation Needs: 1993
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Table 8. Total cost to purchase the top priority item requested, by
type of instrument and field of science and engineering: 1994

[Dollars in thousands]
Page 1 of 1

Type of instrument requested Total Engi-
neering

Chemistry Physics/
astronomy

Environ-
mental

sciences
Computer
science

Agricul-
tural

sciences

Biolog-
ical

sciences

Other,
multi-
disci-

plinary

Total, all instruments $941,894 $254,750 $62,172 $226,842 $104,163 $98,745 $14,807 $162,801 $17,613

Computers and data handling instruments 201,867 47,924 4,455 9,587 22,553 98,614 2,811 15,165 757

Graphics/CAD/imaging computer systems 54,406 13,974 3,267 2,088 5,605 16,265 1,544 11,285 379
Other computers/components > $50,000 141,988 32,107 1,188 7,340 14,876 81,881 1,164 3,098 333
Other computers/components < $50,000 5,473 1,843 0 159 2,072 467 103 782 45

Chromatographs and spectrometers 212,566 53,099 56,831 6,305 23,271 4,226 62,404 6,430

Electron/auger/ion scattering 4,464 387 0 3,522 0 427 0 128
Electron spectroscopy/photo-induced

emission elemental analyzer 4,726 1,836 0 2,267 0 0 623 0
NMR/EPR spectrometer 126,305 28,903 51,463 0 3,868 0 40,464 1,608
UV/visible/infrared spectrophotometer 1,468 1,083 223 0 0 107 55 0
Xray diffraction systems 14,410 888 2,030 420 2,152 59 8,862 0
Chromatographs and elemental analyzers 18,117 7,090 0 0 5,731 1,516 3,659 121
Other spectroscopy instruments 43,076 12,912 3,116 96 11,520 2,118 8,741 4,573

Microscopy instruments 76,437 23,863 589 1,757 9,725 0 520 36,270 3,713

Electron microscopes 38,227 17,970 0 1,435 7,706 0 335 10,781 0
Other microscopy instruments 38,209 5,892 589 323 2,019 0 185 25,488 3,713

Bioanalytical instruments 75,968 11,161 0 19,208 632 0 3,960 35,850 5,156

Cell sorters/counters, cytometers 4,155 0 0 0 60 0 0 3,098 997
Centrifuges and accessories 12,959 217 0 0 547 0 1,795 10,400 0
DNA/protein synthesizers/sequencers/

analyzers 22,370 0 0 0 0 0 647 17,610 4,113
Growth/environmental chambers 13,388 10,831 0 234 25 0 1,008 1,291 0
Scintillation/gamma radiation/counters/

detectors 23,096 113 0 18,975 0 0 511 3,452 45

Other instruments 375,057 118,703 296 189,985 47,982 132 3,289 13,112 1,558

Electronics instruments (cameras, etc) 4,123 1,493 0 134 109 0 0 2,089 298
Temperature/pressure control/

measurement instruments 4,787 3,482 0 102 779 0 424 0 0
Lasers and optical instruments 21,213 13,778 296 4,265 0 0 0 2,339 536
Robots, manufacturing machines 7,502 5,756 0 1,745 0 0 0 0 0
Major instruments (telescopes, ships,

nuclear reactors, wind tunnels, etc) 247,545 30,434 0 173,168 41,971 0 1,746 0 226
Other, not elsewhere classified 89,888 63,760 0 10,572 5,122 132 1,120 8,684 498

NOTE: Data are for the 90 percent of respondents who eported a need for inst uments costing $20,000 or more. The remaining 10 percent of
respondents reported that their units did not need any additional instrumentation in that price range.

Because of rounding, details may not add to totals.

SOURCE: National Science Foundation/SRS, Survey of Academic Research Instruments and Instrumentation Needs: 1993
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Findings
Overall, 47 percent of respondents in all fields

reported that the primary reason they needed the top
priority research instrument was to "upgrade
capabilities" for the unit, i.e., to perform experiments
that they "cannot do now." This was the modal
response for all fields except chemistry, where only
32 percent of respondents mentioned this need. (At
the same time, 48 percent of respondents in
chemistry cited "replace an existing item" as their
primary reason for the need (figure 5). Only 25
percent of respondents overall reported that they
needed the item to replace existing equipment.)

Twenty-eight percent of all the respondents cited
expanding capacity, or the need for more copies of a
particular item, as the primary reason for need.

SPECIAL ANALYSIS:

MEASURING NEEDS

Issue 1Specific items on the
questionnaires

Context
It is very difficult to devise a questionnaire that

will produce national estimates of the pressing needs
for research instrumentation in academia. Questions
must be devised so that the national estimates reflect
the mix of need; that is, it is recognized that some
units are always highly successful in obtaining the
bulk of their most needed instrumentation, while
others seem always to be in dire need. The survey's
national estimates must reflect the needs of both of
these types of units. Therefore, the instrumentation
survey questionnaire asked about need in two ways:

All respondents were asked to list the highest
and top three highest priority needs in their
units. Since these questions were asked of
department chairs, who have an overall sense
of the most important research instruments,
asking for the top three needs would give an
accurate picture of the cost of the immediate
needs within all the units.

Respondents who had reported that they had
inadequate instrumentation for their
faculty's needs were asked to estimate what
it would take to bring their instrumentation
up to a level that would support their faculty.
This question, added to the survey in 1993,

captured the remedial cost of upgrading
instrumentation to bring it to a level that
would support the faculty in those units that
currently had inadequate instrumentation.

Issue 2Comparisons of costs of
top priority needs with costs to
correct overall inadequate
instrumentation

Context
Short of analyzing the internal records of every

respondent, there is no definitive way to determine
whether the reported top priority needs reflected the
respondents' true needs, or were a "wish list" of
instruments that would be helpful. It has been
assumed that respondents reply to the survey in good
faith, and that an enumeration of their three most
pressing top priority needs represents some portion
of their total needs. However, the addition of the new
question added to the 1993 survey makes it possible
to analyze the relationship between the top three
priority needs of the group whose instrumentation is
inadequate, and the amount to bring the
instrumentation up to support their faculty's research
needs. Presumably, the top three priority needs
would indicate the most pressing needs, and not
equal the entire amount of expenditures necessary to
support the existing faculty.

Findings
In all fields, this was exactly the case: The cost

of the top priority items needed by the "inadequate"
group ($939 million for all fields) was less than the
estimated cost to "fix" their entire instrumentation
needs ($1,438 million). Closest in total were the
needs of the computer science respondents, where
the $68 million in three "top priority" needs was 89

percent of the cost to bring instrumentation up to a
level that would satisfy the faculty (figure 6). This is
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not surprising, as the addition of three state-of-the art
computers in any one "inadequate" unit would make
a major impact on the ability of the faculty to
conduct research effectively.

The largest percentage disparity was in
agriculture. The $20 million cited as the total cost of
their three top priority needs was only 29 percent of
the cost of bringing the inadequate group's
instruments up to a level that would completely
satisfy the faculty's needs. The largest cost disparity
was in engineering. Respondents reported a total
need of $435 million, or $134 million more than the
cost of acquiring their three top priority needs. The
$301 million in top priority needs was 69 percent of
what would be needed to bring the instrumentation
up to the needs of the faculty.

450

400

350

300

250

200

150

100

50

0

The needs of the "inadequate" group were also
compared with their level of spending in 1993. In all
fields the cost cited to acquire sufficient
instrumentation during the survey collection period
in 1994 was several times the level of expenditures
that they were able to achieve in 1993 (figure 6).
The largest disparity was in engineering. At $79
million, the "inadequate" group's 1993 expenditures
for new purchases were the second highest of all
fields. Nevertheless, they estimated that it would
take an additional $435 million to bring their
instrumentation up to a level that would satisfy the
needs of the current faculty.

Figure 6. Respondents who reported inadequate instrumentation for faculty
investigators: total expenditures in 1993 and needs reported in 1994
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SOURCE: National Science Foundation/SRS, Survey of Academic Research Instruments and Instrumentation Needs: 1993
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Issue 3Comparisons of the data
reported by respondents reporting
adequate and inadequate
instrumentation

Context
An analysis was made to determine the extent of

related differences, for both expenditures and needs,
in the data reported by the 42 percent of respondents
who rated their instruments as less than adequate for
their faculty's research needs, compared with the 58
percent who reported their instruments as adequate.

Findings
The "inadequate" group as a whole had lower

total purchases of new instrumentation in 1993, and
lower median per-unit purchases, than did the
"adequate" group. Conversely, perhaps reflecting
the lower outlays, the total cost of the top priority
need cited by the "inadequate" group ($507 million)
was higher than total cost of the top priority need
reported by the "adequate" group ($436 million).
The total cost of the top three items needed by

Figure 7. Respondents who reported inadequate instrumentation for their faculty

respondents, however, was higher for the "adequate"
group ($1,111 million) than for the "inadequate"
group ($939 million).

1993 Expenditures.Lower yearly
expenditures perhaps point to much of the cause of
dissatisfaction in the "inadequate" group. Figure 7
illustrates that this group spent less than their
proportionate share in new research instrumentation
in 1993. The 42 percent reporting inadequate
instrumentation spent $334 million on new purchases
during 1993, only 28 percent of the total. The 58
percent reporting adequate instrumentation spent
$870 million, or 72 percent. (On a per-unit basis, the
median expenditure by the "inadequate" group was
$100,000, versus $235,800 by the "adequate" group.)

In some fields the "inadequate" group reported
particularly low proportions of total expenditures.
chemistry, the 61 percent reporting inadequate
instrumentation made just 27 percent of the total
purchases in chemistry. in 1993. In computer
science, the 38 percent reporting inadequate
instrumentation made 17 percent of the total
purchases in 1993.

Total 42%
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All Others
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instrumentation in 1994
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respondents reporting inadequate
instrumentation
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SOURCE: National Science Foundation/SRS, Survey of Academic Research Instruments and Instrumentation Needs: 1993
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PRICE-RANGE OF OPTIMAL

FEDERAL FUNDING

The Question
Respondents were asked to state the price-range

of instruments that would be most beneficial to
faculty investigators in the unit, if increased Federal
funding were possible.

Findings
The modal response of all the respondents was in

the $20,000 to $49,999 range (30 percent stated that
this price range was potentially the most beneficial.)
Close behind, 29 percent of respondents mentioned
the high-price range of $100,000 to $499,999 (table
9).

The majority of respondents in two fields replied
that the most beneficial price-range area was under
$50,000: agriculture (59 percent) and biology (54
percent). (See related discussion of median cost of
top priority needs, above.) Their needed instruments
tend to be less expensive than those needed in
several other fields. It is therefore reasonable to
expect that the price-range for most needed Federal
funding, if available, would also be lower than for
those other fields.

In contrast, only 13 percent of the chemistry
respondents replied that the most beneficial price-
range area would be under $50,000. The modal
response for chemistry (51 percent) cited items
between $100,000 and $500,000.

At the very upper end of the price range for most
beneficial Federal funding, only 6 percent of all
respondents cited a preference for the very expensive
instrumentation over $500,000. The few fields
whose respondents expressed a substantial need in
this area were physics/astronomy (17 percent),
chemistry (18 percent), and computer science
facilities (51 percent).

The respondents from computer science facilities
indicated a strong preference for the highest-priced
items: Forty-two percent reported that the optimal
range for Federal funding would be for
instrumentation over $1 million. This finding is

consistent with the previous discussionmany
campuses no longer utilize their central computer
facilities for research. For those that remain in the
research domain, the trend is toward consolidation,
with a need for very expensive mainframes and
supercomputers. For example, as seen in table A-10,
the median cost for a top priority computer for
computer science facilities ($200,000) is far greater
than the cost of the top-needed computer for any
other discipline.

PERCEIVED LIMITATIONS OF

CURRENT INSTRUMENTATION

The Question
Respondents were asked, "Are there any

important subject areas . . . in which investigators in
this (unit) are unable to perform critical experiments
in their areas of research interest due to lack of
needed equipment?"

Findings
In 1993, slightly more than half of all

respondents (56 percent) reported that there were
subject matters in which their faculty investigators
were unable to perform critical experiments because
needed equipment was lacking (figure 8). There has
been a marked decrease in the percentage of
respondents reporting this deficiency since 1983-84,
when 74 percent of the respondents reported such
limitations. The greatest decrease between 1983-84
and 1993 occurred in computer science, from 96
percent in the earlier survey, to 44 percent in 1993,
the lowest percentage reported in any field.

Although there has been steady improvement in
the availability of research instruments to academic
researchers, the continued lack of specific
instruments is a significant limitation for the
scientific community, where a majority of
respondents in all fields but computer science
reported an inability to perform critical experiments
because of a lack of instruments. The greatest
proportional need occurred in other,
multidisciplinary fields (66 percent of respondents),
agriculture (65 percent), and physics/astronomy (64
percent) and chemistry (64 percent).
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Table 9. Percent distribution of the price range of instruments for which increased
Federal instrumentation funding would be most beneficial to units,

by field of science and engineering: 1994

[Percent]
Page 1 of 1

Field of science and
engineering

PriCe range most beneficial

Under $10,000- $20,000- $50,000- $100,000- $500,000- $1,000,000
$10,000 $19,999 $49,999 $99,999 $499,999 $999,999 and over

Total 1% 12% 30% 21% 29% 3% 3%

Engineering 7 38 18 32 4 1Chemistry 0 0 13 18 51 13 5
Physics/astronomy 0 3 19 26 35 9 8
Environmental sciences 2 24 25 43 3 2

Computer science 2 17 24 13 19 5 20
Academic departments 1 31 26 17 24 1 0
Computer facilities 2 1 23 8 14 9 42

Agricultural sciences 8 11 40 22 19 0
Biological sciences 1 21 32 20 25 1 1

Other, multidisciplinary 0 20 18 37 21 2 2

NOTE: Because of rounding, percents may not add to 100.

SOURCE: National Science Foundation/SRS, Survey of Academic Research Instruments and Instrumentation Needs: 1993
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Figure 8. Percent of respondents reporting that their investigators cannot do critical experiments in their
research areas, due to lack of needed instruments, by field of science and engineering: 1983-94
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SECTION D.

TECHNICAL NOTES
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This section discusses the study methodology as
well as various other technical aspects that the reader
should consider when interpreting the data presented
in this report. Where relevant, the discussion
includes references to the three previous cycles of
this survey. The following aspects are covered:

definition of terms used in this report;
universe and samples;
two types of survey questionnaire;
data collection schemes;
changes in data collection procedures for
cycle IV; and
response rates, weighting, and reliability of
survey estimates.

DEFINITION OF TERMS USED IN

THIS REPORT

Departmenta degree-granting academic unit
Facilitya non-degree granting academic unit
Facultyincludes tenured, non-tenured, teaching,
and visiting faculty and researchers of faculty-
equivalent rank; it does not include postdoctorates.
Maintenance/repair costsincludes maintenance
agreements, service contract costs, salaries of
department-provided or institution-provided
maintenance/repair personnel, and costs of supplies,
equipment, and facilities for servicing research
instruments
Operation costsincludes salaries for technicians
or other personnel paid to operate research
equipment, and costs of supplies and materials used
in operating the instruments
Research instrument (or research equipment)any
item (or interrelated collection of items comprising a
system) of nonexpendable tangible property or
software, having a useful life of more than 2 years
and a cost of $500 or more, which is used wholly or
in part for research
"System"an interrelated collection of instrument
items that effectively comprise one single item
Unitdenotes either a department or a facility

UNIVERSE AND SAMPLES
Institutions.With slight additions to coverage

in 1986-87, the instrumentation survey has been
collected from the same panel of institutions since
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1983. The first cycle of the survey was conducted in
1983-84. This baseline survey had a panel of 67
institutions: 43 colleges and universities and 24
medical schools. In the second cycle, conducted in
1986-87, the sample of colleges and universities was
expanded to 55 schools, for a total of 79 in the panel
of institutions. This same panel of 79 was used in
both cycle III, conducted in 1989-90, and cycle IV,
conducted in 1993 and 1994. The results of the 1993
survey, conducted in 1994, are presented in this
report.I5

This panel of 79 institutions was originally
selected from the population of all institutions that
each annually perform a minimum of $3 million in
research and development. For each survey the
results from the panel were generalized to the known
universe of institutions that performed a minimum of
$3 million in R&D in that year. For each survey this
population in total accounted for more than 90
percent of the expenditures for academic R&D in
science and engineering in the United States.

At the time of the 1993 survey, the latest year for
which total R&D data were available was 1991; in
that year there were 318 institutions that performed
more than $3 million in R&D. Over the years in
which the survey has been collected there has been a
gradual increase in the number of institutions that
perform more than $3 million in R&D. In cycle III
the survey's panel of 79 institutions represented the
287 institutions that annually conducted more than
$3 million in R&D. In cycle II it represented 174
institutions, and in cycle I, 155 institutions.

The panel of 79 institutions is divided into two
samples:

The first sample (55 colleges and universities,
excluding their medical components, if any)
represents the 214 institutions that had R&D
expenditures of more than $3 million in FY 1991.

A major change was made to the methodology of the
1992 survey conducted in 1993. To relieve respondent
burden, only the Department/Facility Questionnaire was
used to gather instrumentation expenditures and needs,
and the Instrument Data Sheet was not fielded in that
year. Because of the major differences between that
survey and all the others in the survey series, the 1992
survey results are not included in the trend data in this
report. Other changes to the methodology in the cycle IV
survey are described below in these technical notes.
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The probability of selection for institutions in this
sample was proportionate to the total expenditures
for R&D for those S&E fields included in the survey.

The second sample (24 medical schools,
including medical components of colleges and
universities) represents the universe of 104 medical
schools that received at least $3 million in
extramural awards for research from NIH in FY
1991. The probability of selection for elements in
this second sample was approximately proportionate
to the total amount of dollars for extramural awards
given to medical institutions by NIH.

These two samples were selected independently.
There is some overlap in institutional affiliation
between the two samples, but no overlap in units or
research instruments covered. For example, 15 of
the 55 institutions selected to be in the sample of
R&D colleges and universities are affiliated with a
medical school that was independently chosen to be
in the sample of 24 medical schools. Conversely, if
an institution in the sample of 55 R&D colleges and
universities had a medical school that was not
independently selected to be in the sample of 24
medical schools, data for that medical school were
not collected for the survey. The institutions in both
of these samples are listed in appendix B.

DEPARTMENTS AND FACILITIES

("UNITS")
Within the sampled institutions, departments and

facilities were considered in-scope for the survey if
they:

1. had at least one instrument used for scientific
research that had a minimum purchase price
of $20,000; and

2. were in the science and engineering fields of
agriculture, biology, computer science,
environmental sciences, chemistry,
astronomy/physics, and engineering. (A list
of the subfields included under these major
fields is included in appendix C.)

The sampled institutions contained a total of
1,541 in-scope departments and facilities. From
these, a sample of 996 were selected to be surveyed.
(In four fields that had large numbers of departments
or facilitiesengineering and the agricultural,

biological, and environmental sciencesa sample
was selected. In the remaining fieldschemistry,
computer science, and physics/astronomyall of the
eligible departments/facilities were selected.)

The survey excluded as out of scope any of the
18 university-administered federally funded research
and development centers (FFRDCs), as well as any
units that might be housed on a university campus
but not administered by the university.

The detailed sampling plan followed for
selecting the departments and facilities is available in
a separate methodology report, National Survey of
Academic Research Instruments and Instrumentation
Needs, 1993: Methodology Report.I6

QUESTIONNAIRES
In each cycle of the survey, two types of data

have been collected from two different sets of
respondents:

The heads of academic departments and research
facilities complete a Department/Facility Question-
naire in which they provide data for their entire units
regarding expenditures for purchasing research
instruments, the sources of these funds, their
provisions for maintaining and repairing the
instruments, and an evaluation of all their research
instruments in terms of adequacy, capabilities, and
needs. This report describes the findings based on
this questionnaire. A copy of the questionnaire is
included in appendix D.

Principal investigators complete an Instrument
Data Sheet in which they provide detailed data about
individual pieces of research instruments (e.g., its
adequacy for research, pattern of usage, and
technical capabilities). Data based on this
questionnaire will be available in a forthcoming
companion report, Characteristics of Science and
Engineering Instrumentation in Academic Settings:
1993.

16 To obtain a copy of this report, contact Carolyn
Arena, National Science Foundation (703-306-1774 or via
e-mail at carena@nsf.gov).
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CHANGES IN DATA COLLECTION

PROCEDURES FOR CYCLE IV "
The data collection procedures used in the cycle

IV 1993 survey differ from those used in earlier
cycles of the instrumentation survey in several ways.

1. Minimum Instrument Purchase Price
Criterion.To be eligible for inclusion in
the three previous survey cycles, a
department or facility must have had at least
one research instrument with a purchase
price of $10,000 or more. Similarly, only
those research instruments with a purchase
price of $10,000 or more were eligible for
inclusion in the instrument sample in the
survey. In cycle IV, the $10,000 minimum
purchase price criterion was increased to
$20,000 to reduce respondent burden.

In this report, trend data were adjusted to
accommodate this change in information
collected. Data from the 1982-83, 1985-86,
and 1988-89 surveys were standardized
using the same minimum purchase price
criterion of $20,000 in constant 1993 dollars,
according to the GDP implicit price deflator.

2. Survey Data Reference Periods.Data for
the three previous survey cycles were all
collected over a two-year period. Half of the
included fields were collected in each year,
and two different types of information were
collected:

a. Data concerning expenditures were
collected with the date referring to the
fiscal year that preceded the period of
survey collection. Engineering,
chemistry, physics/astronomy and
computer science expenditure data were
collected to cover the years 1982, 1985,
and 1988. Expenditure data for
agriculture, biology, environmental
sciences, and multidisciplinary areas

" A detailed analysis of these changes and their effects
on data in the survey is also included in the same separate
methodology report, National Survey of Academic
Research Instruments and Instrumentation Needs, 1993:
Methodology Report.
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were collected to cover the years 1983,
1986, and 1989.

b. Data concerning equipment adequacy,
needs, and priorities were collected with
the date referring to the year in which
the survey was collected (i.e., 1983,
1986, and 1989 for engineering,
chemistry, physics/astronomy and
computer science, and 1984, 1987, and
1990 for agriculture, biology,
environmental sciences and
multidisciplinary fields.)

In cycle IV, the collection method was
changed and data for all fields were collected
during a single year, 1994. For this report,
therefore, expenditure data for all fields refer
to 1993, and adequacy and needs data refer
to the collection year of 1994.

3. Change in Criterion for In-Scope
Departments and Facilities.For the first
two cycles of this survey, data were collected
only for instruments with an original
purchase price of $10,000 to $999,999.
Beginning in cycle III, data were also
collected for instruments with a purchase
price of $1 million or more. To preserve the
richness of trend data available since 1982-
83 for instruments costing less than $1
million, the data in all trend tables in this
report have been separated. This allows a
display of the longitudinal data series since
1982 for the under $1 million instruments,
and shows data on the over $1 million
instruments beginning only in 1988-89.
Where appropriate for analysis, selected
other tables have also been similarly
separated between the two price categories.

RESPONSE RATES, ESTIMATES,

AND SAMPLING ERRORS
Response Rates.Data were received from 54

of the 55 institutions in the sample of colleges and
universities and from all 24 institutions in the sample
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of medical schools. Of the 996 science and
engineering departments and facilities in the sample,
796 in-scope units responded to the survey (84.0
percent). The response rate for the questionnaire
items ranged from 90.0 to 100.0 percent.

Estimates.The findings are presented as
national estimates calculated using department and
facility data statistically weighted to represent all
research departments and facilities in agriculture,
biology, environmental sciences, chemistry,
computer science, physics/astronomy, and
engineering. These results from the departments and
facilities at the panel of 79 institutions were
generalized for the 1993 survey to the universe of
318 institutions that performed a minimum of $3
million in R&D in 1991 (the latest year for which
data were available at the time of calculation). This
population in total accounted for more than 90
percent of the expenditures for academic R&D in
science and engineering in the United States. Over
the years that the survey has been conducted there
has been a gradual increase in the number of
institutions that perform more than $3 million in
R&D. In cycle III the panel of 79 institutions
represented 287 institutions that annually conducted
over $3 million in R&D. In cycle II it represented
174 institutions, and in cycle I, 155 institutions.

To ensure that the reported estimates fully
represent all intended institutions and
department/facilities, the final weights for these
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estimates are the product of the institution sampling
weight (for each stratum), the department sampling
weight, and the nonresponse adjustment factors for
both the institution and the department or facility.

The findings from the 1993 survey were
compared with those from the previous three cycles.
All data are presented in current dollars, as are the
majority of the percentage changes included in the
text. In certain analyses, it was relevant to add
constant dollar comparisons of changes. In those
few instances, which are specifically noted in the
text, the dollar amounts were adjusted for inflation
using the GDP implicit price deflator and a base year
of 1987.

Sampling Errors.The estimates presented in
this report are based on samples and are subject to
variability due to sampling error. Most overall
estimates (not broken down by field) have sampling
errors (coefficients of variation) that range from 4 to
10 percent. This implies a 95-percent confidence
interval of twice that magnitude, i.e., that the true
value would be found within plus or minus 8 to 20
percent of the reported estimate. Estimates for the
detail data (i.e., estimates by field of science) have
sampling errors two to three times larger than those
for all fields combined."

18 For example, the estimated total annual expenditures
for the purchase of academic scientific research
instrumentation in the biological sciences were $283
million in 1993. Assuming a sampling error of 10
percent, there is a 95- percent chance that the true amount
of expenditures for research instrumentation will be found
within the interval of $226 million to $340 million.
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Table A-1. Expenditures for the maintenance/repair of existing academic research
instruments, by type of unit and type of expenditure: 1982-83 to 1993

[Dollars in millions]
Page 1 of 1

Type of unit and type of expenditure
Survey year

1982-83 1985-86 1988-89 1993

All units:

Total, maintenance/repair -- -- $289 $234

Service contracts and field service 158 --
Other (salaries, tools, etc.) -- -- 131

Units with all instruments costing
less than $1,000,000:

Total, maintenance/repair $100 $140 173 162

Service contracts and field service 40 68 86 --
Other (salaries, tools, etc.) 59 72 87 --

Units with an instrument costing
$1,000,000 or more:

Total, maintenance/repair -- 116 72

Service contracts and field service -- -- 71 --
Other (salaries, tools, etc.) -- -- 44 --

NOTES: This table, which includes data for all four survey cycles, is presented in a three-part format to reflect the
changing coverage of instruments in the survey.

In 1982-83 and 1985-86 data were collected only for instruments (and their corresponding units) with an
original purchase price of $10,000-$999,999.

In 1988-89 and 1993 coverage was expanded to include instruments with an original purchase price
of $1,000,000 or more.

In 1993, the minimum purchase price of an in-scope instrument was changed from $10,000 to $20,000.

For consistency, data from the 1982-83, 1985-86, and 1988-89 surveys were standardized using the
same minimum purchase price criterion of $20,000 in constant 1993 dollars, based on the GDP implicit
price deflator. The $1,000,000 criterion was also standardized in constant 1993 dollars.

Because of rounding, details may not add to totals.

KEY: = data not collected in that survey year

SOURCE: National Science Foundation/SRS, Survey of Academic Research Instruments and Instrumentation Needs:
1993
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Table A-2. Reported adequacy of maintenance/repair on research Instruments,
by field of science and engineering: 1994

[Percent]
Page 1 of 1

Field of science and engineering
Reported adequacy of maintenance/repair

Mean rating

Excellent Adequate Poor

Total 6% 20% 46% 23% 5% 3.0
Engineering 6 13 49 23 9 3.2Chemistry 3 9 50 28 11 3.4Physics/astronomy 5 24 47 21 2 2.9Environmental sciences 11 13 36 36 4 3.1

Computer science 13 41 27 14 5 2.6Academic departments 14 32 21 24 9 2.8Computer facilities 12 52 33 3 1 2.3
Agricultural sciences 13 53 28 5 3.2Biological sciences 5 25 47 19 3 2.9Other, multidisciplinary 6 25 45 23 2 2.9

NOTES: Reported adequacy of maintenance/repair was rated on a scale from 1 (excellent) to 5 (poor).

Because of rounding, percents may not add to 100.

KEY: = less than 0.5 percent

SOURCE: National Science Foundation/SRS, Survey of Academic Research Instruments and Instrumentation Needs: 1993
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Table A-3. Expenditures for the operation of existing academic research
instruments, by type of unit and type of expenditure: 1988-89 and 1993

[Dollars in millions]
Page 1 of 1

Type of unit and type of expenditure
Surve year

1988-89 1993

All units:

Total, operation I $726 $563

Salaries to operate research instruments 538
Other operating costs 187

Units with all instruments costing
less than $1,000,000:

Total, operationl 415 369

Salaries to operate research instruments 340
Other operating costs 76

Units with an instrument costing
$1,000,000 or more:

Total, operation1 310 194

Salaries to operate research instruments 199
Other operating costs 112

Total operation includes salaries for technicians or other personnel paid to operate research
instruments, and costs of supplies and materials used in operating the instruments.

NOTES: In 1993, the minimum purchase price of an in-scope instrument was changed from $10,000
to $20,000. For consistency, data from the 1988-89 survey were standardized using the
same minimum purchase price criterion of $20,000 in constant 1993 dollars, based on the
GOP implicit price deflator. The $1,000,000 criterion was also standardized in constant
1993 dollars.

Because of rounding, details may not add to totals.

KEY: = data not collected in that survey year

SOURCE: National Science Foundation/SRS, Survey of Academic Research Instruments and
Instrumentation Needs: 1993
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Table A-4. Reported availability of resources to operate current instruments,
by field of science and engineering: 1994

[Percent]
Page 1 of 1

Field of science and engineering
Reported availablility of resources

Mean rating

Excellent Adequate Poor

Total 2% 9% 47% 34% 8% 3.4

Engineering 1 10 47 30 12 3.4Chemistry 1 4 45 40 10 3.5Physics/astronomy 2 5 51 40 2 3.3Environmental sciences 1 5 42 41 12 3.6

Computer science 2 17 49 27 6 3.2
Academic departments 1 26 32 32 9 3.2
Computer facilities 2 8 67 20 3 3.1

Agricultural sciences 0 5 36 47 12 3.7
Biological sciences 3 9 50 31 6 3.3
Other, multidisciplinary 6 6 31 55 2 3.4

NOTES: Reported availability of resources was rated on a scale from 1 (excellent) to 5 (poor .

Because of rounding, percents may not add to 100.

SOURCE: National Science Foundation/SRS, Survey of Academic Research Instruments and Instrumentation Needs: 1993
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Table A-5. Expenditures for the purchase of academic research instruments,
by type of unit and source of funds: 1982-83 to 1993

[Dollars in millions]
Page 1 of 1

Type of unit and source of funds
Survey year

1982-83 1985-86 1988-89 1993

Total, all units -- -- $1,203

Federal funds -- 624

Non-Federal funds 580

Institution or unit funds -- -- -- 292
State grant or appropriation' 102
Industry -- -- -- 80
Other non-Federal sources2 105

Total, units with all instruments costing
less than $1,000,000 $397 $669 -- 935

Federal funds 199 329 433

Non-Federal funds 198 340 502

Institution or unit funds 95 149 253
State grant or appropriation' 42 90 84
Industry 33 58 71
Other non-Federal sources2 28 42 94

Total, units with an instrument costing
$1,000,000 or more -- -- -- 268

Federal funds -- 190

Non-Federal funds -- -- 77

Institution or unit funds -- -- 39
State grant or appropriation' .._ 19
Industry -- -- 9
Other non-Federal sources2 -- -- -- 11

In survey years 1982-83 and 1985-86 the question was wo ded "State equipment or capital development
appropriations.'

2 Other non-Federal includes private, nonprofit foundations, gifts/donations, and bonds.

NOTES: This table, which includes data for all four survey cycles, is presented in a three-part format to reflect the
changing coverage of instruments in the survey.

In 1982-83 and 1985-36 data were collected only for instruments (and their corresponding units) with an
original purchase price of $10,000-$999,999.

In 1988-89 and 1993 coverage was expanded to include instruments with an original purchase price
of $1,000,000 or more.

In 1993, the minimum purchase price of an in-scope instrument was changed from $10,000 to $20,000.

For consistency, data from the 1982-83, 1985-86, and 1988-89 surveys were standardized using the
same minimum purchase price criterion of $20,000 in constant 1993 dollars, based on the GDP implicit
price deflator. The $1,000,000 criterion was also standardized in constant 1993 dollars.

Because of rounding, details may not add to totals.

KEY: = data not collected in that survey year

SOURCE: National Science Foundation/SRS, Survey of Academic Research Instruments and Instrumentation Needs:
1993
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Table A-6. Median expenditures for the maintenance/repair of existing academic research
instruments, by type of unit and type of expenditures: 1982-83 to 1993

[Dollars in thousands]
Page 1 of 1

Type of unit and type of expenditure
Survey year

1982-83 1985-86 1988-89 1993

All units:

Total, maintenance/repair -- -- $43 $30

Service contracts and field service -- -- 19 --
Other (salaries, tools, etc.) -- 16 --

Units with all instruments costing
less than $1,000,000:

Total, maintenance/repair $22 $34 38 25

Service contracts and field service 9 14 16 --
Other (salaries, tools, etc.) 8 12 14 --

Units with an instrument costing
$1,000,000 or more:

Total, maintenance/repair -- -- 210 128

Service contracts and field service -- 75 --
Other (salaries, tools, etc.) 50

NOTES: This table, which includes data for all four survey cycles, is presented in a three-part format to reflect the
changing coverage of instruments in the survey.

In 1982-83 and 1985-86 data were collected only for instruments (and their corresponding units) with an
original purchase price of $10,000-$999,999.

In 1988-89 and 1993 coverage was expanded to include instruments with an original purchase price
of $1,000,000 or more.

In 1993, the minimum purchase price of an in-scope instrument was changed from $10,000 to $20,000.

For consistency, data from the 1982-83, 1985-86, and 1988-89 surveys were standardized using the
same minimum purchase price criterion of $20,000 in constant 1993 dollars, based on the GDP implicit
price deflator. The $1,000,000 criterion was also standardized in constant 1993 dollars.

Because of rounding, details may not add to totals.

KEY: = data not collected in that survey year

SOURCE: National Science Foundation/SRS, Survey of Academic Research Instruments and Instrumentation Needs:
1993
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Table A-7. Median expenditures for the operation of existing academic research
instruments, by type of unit and type of expenditure: 1988-89 and 1993

[Dollars in thousands]
Page 1 of 1

Type of unit and type of expenditure
Surve y year

1988-89 1993

All units:

Total, operation1 $75 $47

Salaries to operate research instruments 60
Other operating costs 0

Units with all instruments costing
less than $1,000,000:

Total, operationl 60 40

Salaries to operate research instruments 50
Other operating costs 0

Units with an instrument costing
$1,000,000 or more:

Total, operation' 397 200

Salaries to operate research instruments 217
Other operating costs 80

1 Total operation includes salaries for technicians or other personnel paid to operate research
instruments, and costs of supplies and materials used in operating the instruments.

NOTES: In 1993, the minimum purchase price of an in-scope instrument was changed from $10,000
to $20,000. For consistency, data from the 1988-89 survey were standardized using the
same minimum purchase price criterion of $20,000 in constant 1993 dollars, based on the
GDP implicit price deflator. The $1,000,000 criterion was also standardized in constant
1993 dollars.

Because of rounding, details may not add to totals.

KEY: = data not collected in that survey year

SOURCE: National Science Foundation/SRS, Survey of Academic Research Instruments and
Instrumentation Needs: 1993
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Table A-8. Reported change over the past two years in instrument needs, by type of unit and field
of science and engineering: 1994

[Percent]
Pa e 1 of 1

Type of unit and field
of science and engineering

Reported change in instrument needs

Mean rating
Substantially

increased Increased
Remained
about the

same
Decreased

Substantially
decreased

Total, all units 24% 45% 30% 2% ' 2.1

Engineering 24 44 30 2 0% 2.1
Chemistry 36 42 21 1 0 1.9
Physics/astronomy 24 38 37 0 0 2.1
Environmental sciences 29 44 20 4 3 2.1

Computer science 29 39 31 1 0 2.0
Academic departments 32 57 11 0 0 1.8
Computer facilities 25 18 55 2 0 2.3

Agricultural sciences 23 40 34 2 1 2.2
Biological sciences 19 48 32 1 0 2.1
Other, multidisciplinary 22 51 23 3 0 2.1

Total, units with all instruments
costing less than $1,000,000 24 45 29 2 ' 2.1

Engineering 24 44 30 2 0 2.1
Chemistry 38 41 19 1 0 1.8
Physics/astronomy 27 32 41 0 0 2.1
Environmental sciences 30 45 18 3 3 2.1

Computer science 28 55 17 0 0 1.9
Academic departments 27 60 12 0 0 1.8
Computer facilities 30 31 39 0 0 2.1

Agricultural sciences 23 40 34 2 2 2.2
Biological sciences 19 48 32 1 0 2.1
Other, multidisciplinary 23 51 23 3 0 2.1

Total, units with an instrument
costing $1,000,000 or more 22 34 43 1 0 2.2

Engineering 31 25 44 0 0 2.1
Chemistry S S S 0 0 S
Physics/astronomy 13 64 23 0 0 2.1
Environmental sciences 15 34 47 4 0 2.4

Computer science 30 18 50 2 0 2.2
Academic departments S S 0 0 0 S
Computer facilities 23 15 59 2 0 2.4

Agricultural sciences 0 S 0 0 0 S
Biological sciences 0 S S 0 0 S
Other, multidisciplinary 0 S S 0 0 S

NOTES: Reported change in instrumentation needs was rated on a scale from 1 (substantial y increased) to 5 (substantially decreased).

Reported change in instrumentation needs refers to the period 1992 to 1994.

Because of rounding, percents may not add to 100.

KEY: = less than 0.5 percent
S = fewer than 10 cases for analysis

SOURCE: National Science Foundation/SRS, Survey of Academic Research Instruments and Instrumentation Needs: 1993
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Table A-9. Overall capability of research instruments to enable existing faculty
investigators to pursue their major research interests,

by field of science and engineering: 1994

[Percent]
Page 1 of 1

Field of science and engineering
Capability of instruments to enable research

Mean rating

Excellent Adequate Poor

Total 5% 20% 33% 39% 3% 3.2

Engineering 1 18 32 45 4 3.3
Chemistry 5 22 12 49 12 3.4
Physics/astronomy 7 15 29 48 1 3.2
Environmental sciences 2 22 30 43 3 3.2

Computer science 2 22 38 28 9 3.2
Academic departments 1 27 46 9 17 3.1
Computer facilities 4 16 30 50 1 3.3

Agricultural sciences 2 15 48 34 3.2
Biological sciences 8 24 35 32 2.9
Other, multidisciplinary 2 9 40 47 3.4

NOTES: Overall capability of research instruments was rated on a scale from 1 (excellent) to 5 (poor).

Because of rounding, percents may not add to 100.

KEY: ---- less than 0.5 percent

SOURCE: National Science Foundation/SRS, Survey of Academic Research Instruments and Instrumentation Needs: 1993

BEST COPY AVAILABLE
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Table A-10. Median cost to purchase the top priority item requested and
percent of respondents requesting that item, by major type of

instrument and field of science and engineering: 1994

[Dollars]
Page 1 of 1

Field of science and
c:-.,:.._..:.:,

All instruments
Computers and
data handling
instruments

Chromatographs
and

spectrometers

Microscopy
instruments

Bioanalytical
instruments

Other
instruments

Median
cost

Percent
of

respon-
dents

Median
cost

Percent
of

respon-
dents

Median
cost

Percent
of

respon-
dents

Median
cost

Percent
of

respon-
dents

Median
cost

Percent
of

respon-
dents

Median
cost

Percent
of

respon-
dents

Total

Engineering
Chemistry
Physics/astronomy
Environmental sciences

Computer science
Academic departments
Computer facilities

Agricultural sciences
Biological sciences
Other, multidisciplinary

$100,000

120,000
300,000
120,000
80,000

125,000
100,000
175,000

50,000
80,000

100,000

100%

100
100
100
100

100
100
100

100
100
100

$75,000

75,000
S

80,000
50,000

127,500
100,000
200,000

50,000
60,000

S

28%

35
14
25
35

99
100

99

17
14
9

$200,000

166,500
400,000

S
150,000

S
S
S

60,000
200,000

S

21%

23
79
4

33

0
0
0

25
14
26

$150,000

500,000
S
S

150,000

S
S
S

S
150,000

S

11%

7
6
4

10

0
0
0

3
19
14

$50,000

S
S
S
S

S
S
S

32,500
60,000

s

20%

2
0
9
3

0
0
0

44
41
40

$100,000

140,000
S

200,000
60,000

S
S
S

S
90,000

S

20%

32
1

59
19

1

0
1

11
12
11

NOTE: Data are for the 90 percent of respondents who reported a need fo instruments costing $20,000 or more. The remaining 10 percent of
respondents reported that their units did not need any additional instrumentation in that price range.

Because of rounding, details may not add to totals.

KEY: S = fewer than 10 cases for analysis

SOURCE: National Science FoundatiorVSRS, Survey of Academic Research Instruments and Instrumentation Needs: 1993
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Table A-11. Total cost and percent of total cost to purchase the top priority item requested,
by major type of instrument and field of science and engineering: 1994

[Dollars in thousands]
Page 1 of 1

Field of science and
engineering

AU instruments
Computers and
data handling

instruments

Chromatographs
and

spectrometers

Microscopy
instruments

Bioanalytical
instruments

Other
instruments

-rot.i Percent Total Percent Total Percent Total Percent Total Percent Total Percent
cost of

total
cost of

total
cost of

total
cost of

total
cost of

total
cost of

total

Total $941,894 100% $201,867 100% $212,566 100% $76,437 100% $75,968 100% $375,057 100%

Engineering 254,750 27 47,924 24 53,099 25 23,863 31 11,161 15 118,703 32
Chemistry 62,172 7 4,455 2 56,831 27 589 1 0 0 296
Physics/astronomy 226,842 24 9,587 5 6,305 3 1,757 2 19,208 25 189,985 51
Environmental sciences 104,163 11 22,553 11 23,271 11 9,725 13 632 1 47,982 13

Computer science 98,745 10 98,614 49 0 0 0 0 0 0 132
Academic departments 21,419 2 21,419 11 0 0 0 0 0 0 0 0
Computer facilities 77,326 8 77,194 38 0 0 0 0 0 0 132

Agricultural sciences 14,807 2 2,811 1 4,226 2 520 1 3,960 5 3,289 1

Biological sciences 162,801 17 15,165 8 62,404 29 36,270 47 35,850 47 13,112 3
Other, multidisciplinary 17,613 2 757 * 6,430 3 3,713 5 5,156 7 1,558

NOTE: Data are for the 90 percent of respondents who reported a need fo instruments costing $20,000 or more. The remaining 10 pe cent of
respondents reported that their units did not need any additional instrumentation in that price range.

Because of rounding, details may not add to totals.

KEY: = less than 0.5 percent

SOURCE: National Science Foundation/SRS, Survey of Academic Research Instruments and Instrumentation Needs: 1993
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Table A-12. Total cost and percent of total cost to purchase the top three priority items requested,
by major type of instrument and field of science and engineering: 1994

[Dollars in thousands]
Page 1 of 1

Field of science and
engineering

All instruments
Computers and
data handling
instruments

Chromatographs
and

spectrometers

Microscopy
instruments

Bioanalytical
instruments

Other
instruments

Total Percent Total Percent Total Percent Total Percent Total Percent Total Percent
cost of

iui.;
cost of

total
cost of

total
cost of

total
cost of

total
cost of

total

Total $2,047,800 100% $324,591 100% $478,276 100% $148,705 100% $168,748 100% $927,480 100%

Engineering 534,306 26 75,461 23 106,852 22 38,167 26 20,635 12 293,191 32
Chemistry 145,675 7 6,670 2 129,489 27 818 1 1,398 1 7,300 1
Physics /astronomy 558,151 27 26,337 8 21,194 4 4,226 3 20,973 12 485,421 52
Environmental sciences 199,512 10 33,820 10 57,141 12 36,754 25 6,133 4 65,663 7

Computer science 146,241 7 141,394 44 0 0 0 0 0 0 4,847 1

Academic departments 42,454 2 40,657 13 0 0 0 0 0 0 1,797
Computer facilities 103,787 5 100,737 31 0 0 0 0 0 0 3,050

Agricultural sciences 48,548 2 4,067 1 12,095 3 2,120 1 8,415 . 5 21,850 2
Biological sciences 363,263 18 33,616 10 136,770 29 59,318 40 96,461 57 37,099 4
Other, multidisciplinary 52,104 3 3,227 1 14,734 3 7,301 5 14,732 9 12,109 1

NOTE: Data are for the 90 percent o respondents who reported a need for instruments costing $20,000 or more. The remaining 10 percent of
respondents reported that their units did not need any additional instrumentation in that price range.

Because of rounding, details may not add to totals.

KEY: = less than 0.5 percent

SOURCE: National Science Foundation/SRS, Survey of Academic Research Instruments and Instrumentation Needs: 1993
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Table A-13. Total cost to purchase the top three priority items requested, by
type of instrument and field of science and engineering: 1994

[Dollars in thousands]
Page 1 of 1

Type of instrument requested Total Engi-
neering

Chemistry Physics/
astronomy

Environ-
mental

sciences
Computer
science

Agricul-
tural

sciences

Biolog-
ical

sciences

Other,
multi-
disci-

plinary

Total, all instruments $2,047,800 $534,306 $145,675 $558,151 $199,512 $146,241 $48,548 $363,263 $52,104

Computers and data handling instruments 324,591 75,461 6,670 26,337 33,820 141,394 4,067 33,616 3,227

Graphics/CAD/imaging computer systems 90,859 23,634 4,908 2,904 8,923 30,319 1,607 16,533 2,031

Other computers/components > $50K 206,882 43,116 1,524 21,631 21,566 104,507 1,617 12,123 797
Other computers/components < $50K 26,850 8,711 238 1,801 3,331 6,568 843 4,959 399

Chromatographs and spectrometers 478,276 106,852 129,489 21,194 57,141 12,095 136,770 14,734

Electron/auger/ion scattering 18,337 6,335 2,575 5,317 3,554 427 0 128

Electron spectroscopy/photo-induced
emission elemental analyzer 11,761 2,663 1,581 2,267 3,291 1,335 623 0

NMR/EPR spectrometer 230,156 48,666 84,386 5,383 7,391 625 81,782 1,924

UV/visible/infrared spectrophotometer 11,724 2,556 2,520 796 943 822 4,086 0

Xray diffraction systems 52,014 4,710 16,625 4,095 4,820 181 20,829 754
Chromatographs and elemental analyzers 48,779 14,854 2,132 0 11,336 5,201 14,300 956
Other spectroscopy instruments 105,506 27,068 19,669 3,335 25,807 3,506 15,150 10,971

Microscopy instruments 148,705 38,167 818 4,226 36,754 0 2,120 59,318 7,301

Electron microscopes 84,485 31,587 0 3,499 26,932 0 640 21,375 453

Other microscopy instruments 64,220 6,580 818 727 9,822 0 1,480 37,943 6,849

Bioanalytical instruments 168,748 20,635 1,398 20,973 6,133 0 8,415 96,461 14,732

Cell sorters/counters, cytometers 20,885 0 0 0 3,575 0 0 16,283 1,027
Centrifuges and accessories 25,563 1,214 1,122 0 622 0 3,584 18,443 579

DNA/protein synthesizers/sequencers/
analyzers 50,139 303 198 0 123 0 1,208 35,302 13,005

Growth/environmental chambers 34,100 18,010 0 234 1,315 0 1,883 12,658 0

Scintillation/gamma radiation/counters/
detectors 38,061 1,109 79 20,739 498 0 1,740 13,775 121

Other instruments 927,480 293,191 7,300 485,421 65,663 4,847 21,850 37,099 12,109

Electronics instruments (cameras, etc) 41,974 25,010 0 12,146 613 0 417 3,490 298
Temperature/pressure control/

measurement instruments 21,908 11,318 198 6,289 1,164 0 2,344 370 226
Lasers and optical instruments 54,131 28,401 2,957 14,606 613 0 0 6,567 988
Robots, manufacturing machines 26,657 20,798 0 2,180 148 261 629 1,400 1,241

Major instruments (telescopes, ships,
nuclear reactors, wind tunnels, etc) 565,725 96,829 1,976 405,058 49,888 2,727 1,746 0 7,501

Other, not elsewhere classified 217,084 110,835 2,169 45,142 13,237 1,859 16,715 25,272 1,855

NOTE: Data are for the 90 percent of respondents who eported a need for inst uments costing $20,000 or more. The remaining 10 percent of
respondents reported that their units did not need any additional instrumentation in that price range.

Because of rounding, details may not add to totals.

SOURCE: National Science Foundation/SRS, Survey of Academic Research Instruments and Instrumentation Needs: 1993
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SAMPLED INSTITUTIONS

Nonmedical Colleges and Universities

Brown University
California Institute of Technology
Colorado State University
Cornell University
Duke University
Georgia Institute of Technology
Harvard University
Johns Hopkins University
Louisiana State University
Massachusetts Institute of Technology
Michigan State University
Mississippi State University
New Mexico Institute of Mining and

Technology
North Carolina State University
Northeastern University
Northwestern University
Ohio State University
Oklahoma State University
Oregon State University
Pennsylvania State University
Princeton University
Purdue University
Rockefeller University
Stanford University
Stevens Institute of Technology
Temple University
Texas A&M University
Texas Tech University
University of Arizona
University of California at Berkeley
University of California at Davis
University of California at Los Angeles
University of California at San Diego
University of Central Florida
University of Colorado at

Boulder and Denver
University of Connecticut
University of Dayton
University of Denver
University of Illinois at Urbana/Champaign
University of Iowa
University of Kansas
University of Maryland at College Park
University of Michigan
University of Minnesota
University of Nebraska at Lincoln

University of North Dakota
University of Oklahoma
University of Pennsylvania
University of South Alabama
University of Texas at Austin
University of Washington
University of Wisconsin at Madison
Virginia Polytechnic Institute
Washington State University
Yale University

Medical Schools

Albert Einstein College of Medicine
Boston University Medical Campus
Duke University Medical Center
Johns Hopkins University School of

Medicine
Mayo Medical School
Medical College of Ohio at Toledo
Northwestern University Medical School
Ohio State University College of Medicine
Temple University School of Medicine
University of California at Los Angeles

School of Medicine
University of California at San Diego

School of Medicine
University of California at San Francisco

School of Medicine
University of Chicago Pritzker School of

Medicine
University of Cincinnati College of Medicine
University of Colorado School of Medicine
University of Kansas Medical Center
University of Minnesota School of Medicine
University of Nebraska Medical Center
University of North Carolina School

of Medicine
University of Pennsylvania

School of Medicine
University of Texas Health

Sciences Center at San Antonio
University of Texas Southwestern

Medical Center at Dallas
University of Washington

School of Medicine
Yale University School of Medicine
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FIELDS AND SUB-FIELDS USED IN THE
NATIONAL SURVEY OF RESEARCH INSTRUMENTS AND

INSTRUMENTATION NEEDS 1993

ENGINEERING

101 AEROSPACE ENGINEERING

102 AGRICULTURAL ENGINEERING

103 BIOMEDICAL ENGINEERING

104 CHEMICAL ENGINEERING

105 CIVIL ENGINEERING

106 ELECTRICAL ENGINEERING

107 ENGINEERING SCIENCE

108 INDUSTRIAL
ENGINEERING/MANAGEMENT
SCIENCE

109 MECHANICAL ENGINEERING

110 METALLURGICAL AND MATERIALS
ENGINEERING

111 MINING ENGINEERING

112 NUCLEAR ENGINEERING

113 PETROLEUM ENGINEERING

114 ENGINEERING, NOT ELSEWHERE
CLASSIFIED (N.E.C.)

PHYSICAL SCIENCES

201 ASTRONOMY

202 CHEMISTRY

203 PHYSICS

204 PHYSICAL SCIENCES, N.E.C.

ENVIRONMENTAL SCIENCES

301 ATMOSPHERIC SCIENCES

302 GEOSCIENCES

303 OCEANOGRAPHY

304 ENVIRONMENTAL SCIENCES, N.E.C.

COMPUTER SCIENCE

401 COMPUTER SCIENCE

499 GENERAL PURPOSE COMPUTER
FACILITY

AGRICULTURAL SCIENCES (SEE ALSO 102)

501 AGRICULTURAL SCIENCES

BIOLOGICAL SCIENCES

601 ANATOMY

602 BIOCHEMISTRY

603 BIOLOGY

604 BIOMETRY AND EPIDEMIOLOGY

605 BIOPHYSICS

606 BOTANY

607 CELL BIOLOGY

608 ECOLOGY

609 ENTOMOLOGY AND PARASITOLOGY

610 GENETICS

611 MICROBIOLOGY, IMMUNOLOGY,
AND VIROLOGY

612 NUTRITION

613 PATHOLOGY

614 PHARMACOLOGY

615 PHYSIOLOGY

616 ZOOLOGY

617 BIOSCIENCES, N.E.C.

699 INTERDISCIPLINARY BIOMEDICAL
RESEARCH FACILITY

703 CANCER FACILITY

OTHER FIELDS

9

999 OTHER MULTIDISCIPLINARY FIELD
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National Science Foundation and National Institutes of Health
National Survey of Academic Research Instruments and Instrumentation Needs

OMB No. 3145-0067
Expiration Date 12/31/94

FY 1993 DEPARTMENT/FACILITY QUESTIONNAIRE

BACKGROUND AND PURPOSE

This Congressionally-mandated survey is vital to
provide the National Science Foundation (NSF), the
National Institutes of Health (NIH), and other
Federal agencies with data to help set appropriate
program priorities and equipment funding levels. In
addition, special Federal research equipment pro-
gramssuch as the NSF Academic Research Infra-
structure Program, and the NIH Small Instrumen-
tation Grant Programwere established to help meet
the academic instrumentation needs that were iden-
tified by this survey in the past.

INSTRUCTIONS

Institution

Department/Facility

This study is authorized by law (P.L. 96-44). Although you
are not required to respond, your cooperation is needed to make
the results comprehensive, accurate, and timely. Information
gathered in this survey will be primarily used for developing
statistical summaries. Information from individual institutions
may be made available to policymakers and qualified researchers.
with the permission of the Presidents of these institutions.

(1) Items 1-6 (Part A) are factual in nature. Informed estimates are, acceptable whenever precise
information is not available from existing sources. This section may be delegated to any person
or persons who can provide the requested data.

(2) Items 7-13 (Part B) call for judgments about equipment-related research needs and priorities of the
department (or facility) as a whole. These questions should be answered by the department
chairperson or facility director, or by a designee who is knowledgeable about equipment needs.

(3) Please report data for your institution's 1993 Fiscal Year.

(4) PLEASE RETURN THIS FORM TO YOUR INSTITUTION'S SURVEY COORDINATOR. Do
not mail the form to NSF, NIH, or Quantum Research Corporation (QRC).

For assistance with this questionnaire that cannot be provided by your survey coordinator please
contact Atessa Shahmirzadi or Luz Tatum of QRC at (800) 369-0896.

It is estimated that the response to this survey will require an average of one hour. If you wish
to comment on this burden, please contact Herman Fleming, Reports Clearance Officer, NSF, at
(703) 306-1243, and the Office of Management and Budget, Paperwork Reduction Project
(OMB 3145-0067), Washington, D.C. 20503.
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Part A. Descriptive Information and Instrumentation-Related Expenditures

NOTE: Informed estimates are acceptable whenever precise information is not available from
existing sources. This section may be delegated to any person or persons who can provide the
requested data.

1. This is (Circle One):

An academic department' 1

A non-departmental or interdepartmental
research facility, center, or institute' 2

NOTE: For purposes of this questionnaire, the word "unit" in the following questions
refers to your particular department, non-departmental or interdepartmental research facility,
center, or institute.

CHECK BOX if
response is an ESTIMATE

2. Number (headcount) of FULL-TIME faculty members2
in your unit:

3. Number (headcount) of FULL-TIME faculty members2
in your unit who are participating in separately
budgeted research projects:

4. Does your unit have any scientific research
equipment or equipment system3 (whether purchased
or otherwise acquired) with an ORIGINAL COST
of $20,000 or more? (Circle One)

Yes 1 (CONTINUE with item 5a)

No 2 (SKIP to item 14)

"Academic department" is a degree-granting unit, whereas a non-departmental unit is a non-degree granting unit.
2 "Faculty member" includes tenured, non-tenured, teaching, and visiting faculty and researchers of faculty-equivalent

rank; it does NOT include postdoctorates.
3 "Scientific Research Equipment" is any item (or interrelated collection of items comprising a system) of nonexpendable

tangible property or software, having a useful life of more than two years and a cost of $500 or more, which is
wholly or in part used for research. It includes all scientific research equipment acquired from all sources---Federal,
State, the institution's own funds, industry, etc. It also includes donated equipment and any on permanent loan.
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5a. ESTIMATED total expenditures in this unit for purchase/acquisition of scientific research equipment'
or equipment systems DURING THE INSTITUTION'S 1993 FISCAL YEAR:

5b. ESTIMATED proportion of total expenditures for equipment in FY 1993 from each of the following
sources:

Percent
Funding Source (Estimate)

Federal
1. National Science Foundation
2. National Institutes of Health
3. Department of Defense
4. Department of Energy
5. Other Federal sources2

Non-Federal
6. Institution or unit funds
7. State grant or appropriation
8. Industry
9. Other non-Federal sources (including private,

nonprofit foundations, gifts/donations, bonds)
TOTAL 100%

6. FY 1993 expenditures for maintenance/repair and operation of scientific research equipment in this
unit: (Do not include fringe benefits or overhead costs.)

Maintenance/Repair Costs:3

Operating Costs:4

TOTAL

CHECK BOX if
response is an ESTIMATE

I "Scientific Research Equipment" is any item (or interrelated collection of items comprising a system) of nonexpendable
tangible property or software, having a useful life of more than two years and a cost of $500 or more, which is
wholly or in part used for research. Include all scientific research equipment acquired from all sourcesFederal,
State, the institution's own funds, industry, etc. Also include any expenditures connected with equipment that is
donated or on permanent loan.

2 Federal sources include: Departments of. Agriculture, Commerce, Education, Health and Human Services other than
NIH, Housing and Urban Development, Interior, Justice, Labor, and Veterans Affairs; and the following agencies:
Environmental Protection Agency (EPA), the Nuclear Regulatory Commission (NRC), and the National Aeronautics
and Space Administration (NASA).

3 Maintenance/Repair Costs include maintenance agreements, service contract costs, salaries of department- or institution-
provided maintenance/repair personnel, and costs of supplies, equipment, and facilities for servicing research instruments
in this unit.

Operating Costs include salaries for technicians or other personnel paid to operate research equipment, and costs of
supplies and materials used in operating the equipment.
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Part B. Adequacy of and Need for Research Equipment

NOTE: We suggest that these questions be answered by the department chairperson, or facility director,
or by a designee who is knowledgeable about equipment needs. Circle the number on the rating scale
that best describes the adequacy and need of your department's research equipment. We realize that
some instruments in your unit are more adequate to meet your needs than others; nevertheless, please
CIRCLE on the rating scales your general impression of the equipment as a WHOCE.

7a. The overall capability of the research equipment in my unit to enable existing faculty investigators
to pursue their major research interests is:

Excellent Adequate Poor

1 2 3 4 5

7b. If your response in Question 7a above was 4 or 5, what would be the estimated cost to acquire
sufficient research equipment that would fully support your existing faculty?

(estimated)

8. Over the past two years, the needs for research equipment in my unit have:

Substantially Remained Substantially
Increased About the Same Decreased

1 2 3 4 5

9. The maintenance/repair of the research equipment in my unit is:

Excellent Adequate Poor

1 2 3 4 5

10. The availability of resources to operate current equipment in my unit is:

Excellent Adequate Poor

1 2 3 4 5
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11. Please indicate below the three pieces of equipment, costing $20,000 or more (including the cost of accessories),
that are most needed to bring your unit's research equipment up to your faculty's full capabilities.

Using the taxonomy listed below, please choose the code number of the equipment category that most nearly
describes the desired equipment, and write those numbers in the three spaces below. In addition to identifying
the equipment, please estimate its costs and indicate whether its primary purpose is to (1) replace an existing item;
(2) expand capacityi.e., more copies of existing equipment; or (3) upgrade capabilitiesi.e., perform experiments
that you cannot do now. Please list in priority order beginning with priority No. 1.

This unit does not need any additional pieces of equipment in this price range. (SKIP to Question 12).

Item Code Number Approximate
(From the list below) Cost per Item Reason Needed

1. Replace existing instrument 1

Expand capacity 2

Upgrade capabilities 3

2. Replace existing instrument 1

Expand capacity 2

Upgrade capabilities 3

3 Replace existing instrument 1

Expand capacity 2

Upgrade capabilities 3

CODE
COMPUTERS AND DATA HANDLING

01 Graphics/Computer Assisted Design/Imaging Computer Systems
02 Other Computer SystemsWith purchase price of $50,000 and more
03 Other Computer Systems/ComponentsWith purchase price of less than $50,000

CHROMATOGRAPHS AND SPECTROMETERS
04 Electron/Auger/Ion Scattering
05 Gas/Liquid Chromatograph
06 Electron Spectroscopy/Photo Induced Emission Elemental Analyzer
07 NMR/EPR Spectrometer
08 Ultraviolet/Visible/Infrared Spectrophotometer
09 X-Ray Diffraction Systems
10 Chromatographs and Elemental Analyzers
11 Other Spectroscopy Equipment

MICROSCOPY EQUIPMENT
12 Electron Microscopes
13 Other Microscopy Equipment

MISCELLANEOUS
14 Cell Sorters/Counters, Cytometers
15 Centrifuges and Accessories
16 DNA/Protein Synthesizers/Sequencers/Analyzers
17 Growth/Environmental Chambers
18 Scintillation/Gamma Radiation/Counters/Detectors
19 Electronics Equipment (Cameras, etc.)
20 Temperature/Pressure Control/Measurement Equipment
21 Lasers and Optical Equipment
22 Robots, Manufacturing Machines
23 Major Prototype Equipment (Telescopes/Astronomical Instrument Systems, Ships, Planes,

Nuclear Reactors, Wind Tunnels, MBE Systems, Other Major Systems)
24 Other, not elsewhere classified
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12. If increased Federal funding of research equipment or equipment systems were possible, indicate below
the price-range of the equipment that would be most beneficial to faculty investigators in your unit.

(Circle One) Under $10,000 1

$10,000-19,999 2

$20-000-49,999 3

$50,000-99,999 4
$100,000-499,999 5

$500,000-999,999 6

$1,000,000 and over 7

13. Are there any important subject areas (pharmacokinetics, genetic engineering, superconductivity,
etc.,) in which investigators in this department (or facility) are unable to perform critical experi-
ments in their areas of research interest due to lack of needed equipment? (Circle One)

Yes 1

No 2

14. Thank you for completing the questionnaire. Please indicate the total amount of time required
to complete this form.

Time required to complete this form:
Hours Minutes

Please indicate the name, title, and telephone number(s) of the person(s) who provided the
information in Part A and Part B. PLEASE PRINT OR TYPE.

Part A
Name

Title

Telephone No. ( ) FAX ( )

Part B (if different from above)
Name

Title

Telephone No. ( ) FAX ( )
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